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1 


D 




K R 


2 





f", = 


^i) * " <3jljL<a]l J C1 j'^jIjia]I (jx ajliiluj'^lj j 

c p a 


V ' / 


A. 


l-n 


Pc. _ 

i ^ A j 


E, 

^ .„ A ^ 

1 

l-n 


A \-n 


Cp,a 

A 

V ' J 


% 


A, 

V 


27C /?, / 


1 1 
Al-n f T> 




A 

R 

V y 


p ( A A*'-”) 
a — _ El 

P A 

‘^f \ ^ y 


) aJ.ii-a dlljl^ (jjSluj R^ ^ lj] ‘(s-1 _JfjO 4i^)& ^ 


(Gjj J th A^tuil tilliSj 

T^ a n p pj C* _1 ‘^'j^ Jj3j]l ^Ijjl * 

lAA-odxj ~ 1. 5 ] 1.5 ' g"’^ J C ^ * 

^ t ’ lj] aliax-a /^ ^ 


c* = Ls_ 
Cf 


(a^ jj]| aI^^) A^lii]l aI^^jAI ^ a^Ijjj'^I 
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UJ^ U^ ‘ _ '•^J j _1 ^'-a^ ^ 

.ajLa]| (jl ji^l (_><al (j-a L_a^)*J liA j 
(^' Ojj (>=• Ai_? u' 4^ O * 
p 

^ K 

60-90% Wla:}^ jjSi jl 

4 

AiLui-a j (j-a_) 'Os j ^jjLk^l a (jji-ijij AJs (_5-i*J (jl(j-a_) 'Os * 

0)j-^ u' j4^' 

Aic. j ^jjU-JI (_5^ l) tS"^ ^max ^ 

< / /3 !liliLa l)^- a UmI Ti^ (j^ t.. (jl AAjC. (J jls * 


>u<^' <il 

T^ a n pC ^ p_aj*j jjSjII ^Ijjl jllij — 1 
C jV^jj^ ^ .Uu^l Igj^j Cf~1.5 (_>iajijj 


c = 


Is8 

C. 


yeff=8l. 


^ i trip _ 1 J ‘ t"'' 1 ^ aUaXAll ^max ^/' (_J-a*ILuij — 2 

Ax J 4 J U 41aaaJ 


U=V,pn 


f ^ 

1 + ^ 


V 


m 


/ 


y 


"«/ "max 


y. 

2 a„„, 


y V 

rUf 

V * y 


^(J^ ‘^-a^ ^‘ l_La^^ V T^ 4.aaj3 1 

(jl jis-VI 
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sUaXAll (jC. a.'lj* J U cJi-a “ ^ Ay J J U LS"^] (jj — 3 

trip _i (2)''-laij (j-a .''J* I - aJI& Ax J J dlLjUaJAll 

j O ^ th R^ 1 jaA dllfr _ji-a 0 ^j!1a]| j-all (.5^ ljLoJC.I — 4 


Pc J Pc. J 


A„ 


Pi 

A 


uj 


J 


J 


A, 

A^ 

C" 7 C" 

fAT 

/ 

A„ 


^ni„ ^ 


rrif 

V ^ 


m. 


l-n n 2«+l 

^mav 


V y 


A = 


a m. 

max / 


y A ^ 


c^kr; 


A 


J 


p. =P 


L = 


f A ^ 2 (l-«) 

1 —^ 

V 

c; 

R 


2n — \ 


'^^eff P p 


1 — 77 


J 


l — n I — n 

a m f 

max / 


^3j^)4i]l ’ — 5 

A 

0.6<^<0.9 

A 

^ A 

A, > ^Pa " 

4<//3 ^ 

. aJj,!^ (4) (j-a (_J^I .'IJ* I (AaJaSl CllLia^l jAJ 4^ J jl -laj^).uill LiLia I jU - 6 

a.2j.l^ (y)^ Uai ,''j» I liluia Ijj ^ - 

. a-SLal (l) ^Jaaj (j-a .'IJ* I LiLiS (jj ^ - 


jJjJaSl l" \\ LiJajI .li*jj lIj 1 

s s ^ ^ s 2 
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^Ja(_J.Ja3l jljij j (J0jl!ij]l ^iJaj 


IjHa 


aJIhII djla-k^l ^ l)^ l)^-^)^ ~ 1 

T^ =1620K 
a = 3x10^^ m/s 
n = 0.4 

pp =1830/r^/m^ 
y =1.28 
/,=13l5 

^eff ^ Cf -1.5 O^J^J 

Cf -1.5 
g = 9.8m/ 

=^ /^ =9.8x131 = 1284m/5 

C* =^ = - ^^^^ - = 855.9 
Cf 1.5 

i"'' 3 ^"''"" aUaxAll CL ram ^f (_J- 4 *J.uij — 2 

«.ax= 3^ = 3x9.8 = 29.4 
rrif =lOKg 


^l!i]| (Jj.1^1 ^ Ig»t>»ij m^_1 M J 


nip ={).5Kg 


# 

kg 

U 

m/s 

h 

s 

Ax 

m 

K 

m 

th 

m 

A 

A 

A 

10‘Pa 

P, 

10® Pa 

h 

(m) 

P‘ '00^3 

1 

.5 













Ax J J U <■ .' *> 1 ^' ^ 


(_J^1 o^lc-j l-aJ^ 4JI^ ^Lii^l ^ 1 

^^jjajJaj3 i ^Jj^Loba ^jl ^Ij^l .^jc. l ^ ^AlLa i CLlljUaiLal 

4 _i 1 ,aC> ^ V 4J.lxj ^ liA 4 AAL^'i La3 i i U dj|j^ 4JL^ ^Lo^l 

t 4 for loop 4_iLaC. i mH-tl^-b_Si ^-olj^ i (Jj.1^1 


4 -aW 4_ijlS-alj 4jiLiJaVi-Jt (_Jj.l*j]li 
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( \ 

1 + ^ 
m 


V 


7 


/ 


= 1284 X In 


1 + 


V 


0^ 

10 


= 62.64 


Ax 


0.51284 , 

m. 6! 

/ max 


= 70 


10 29.4 


yeff 

7 ^ 

1284 

ro.5^ 

2a 

max 

m, 

\ f J 

2x 29.4 

[loj 




# 

m 

kg 

u 

m/s 

h 

s 

Ax 

m 

m 

th 

m 

A 

A 

A 

VfPa 

P, 

10® Pa 

h 

(m) 

P‘ '00^3 

Jaj^j2ull 



62 

2.2 

70 










(dll ^ (_3^)‘ 50 < t/ < 150 (jl iaL^5U — 3 

4a^jiaiJI (_Ja!iij li] La Ax (=^J 

^j'^lt ia^ (jljjjxaLa lj.ljc. dl^jj <jl — 4 

= 0.045 m , th = 3x10"^ m 

Adlii]l j 

=0.06 m , th = 2x10^^ m 


ajLftSi ^ 


=400x10'’Pa 


a^^^-ujLalLj 1.^ 


= 0.045 m , th = 3x10 ^ m 




# 

kg 

U 

m/s 

h 

s 

Ax 

m 

A 

m 

th 

m 

A 

A 

7, 

A 

7 

10‘Pa 

P, 

10® Pa 

h 

(m) 

Jaj^j2ull 

1 

.5 

02 

7 7 


.045 

.003 








A„ 


Pi 


A„ 


jj 


A 


<aj3 


(JlLall La ^ (^l) Jaa3 oA^lj *^-0^ ^ 1 g:r .>ij] CJ Lai 1 
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A = 0.05 
A, 




A„ 






^ T /w 


y 


m. 


V O 


l-n n 2«+l 

^tr^ov 


2x3x10^^ X1284/"0.5^ 10°-" 


1.5°-^7c'^-^(0.05r 

p ^ _«max"^/ _ 


,10, 


29.4‘“°-^ 0.045^^°-^^‘ 


= 0.60 


29.4x10 


r A ^ 


CfTtK 


A 


j 


1.571x0.045^0.05) 


= 616185 = 0.616x10'’ 


P. =P„ 


f A \ 

1-^ ' 


2{l-n) 


= 616185(1 - 0.6)2(1^04) = 287140 = 0.29 X10' 


r " 

I __ ./ _ p 2n-l 

~ . l-n A 


y A Y 




A 


y 


1—77 i—n 

a nir 

max / 


1.5 


0.4 


^0.045'’^'’"‘'(0-05)°"(29.4)'"°"(l0)''°" 


2x1284x1830x3x10"^ X7C 
. = 0.07 


(J J.1^1 ^ 14 ^ ^iJaj j 


# 

m 

kg 

U 

m/s 

h 

s 

Ax 

m 

Rc 

m 

th 

m 

A 

A 

Y 

A 

Y 

VfPa 

A 

10® Aa 

4 

(m) 



.5 

.'Z. 

-.Z 

7' 


‘2 

.05 

.6 

.616 

.29 

.07 



ia ~ 5 


A A 

^ = 0.6=>0.6<^<0.9 
A„ A„ 


P =0.616x10'’ , 

" R 

< 

r, 

=>P 

' P 


a,7/7 400x10'’X3x10"^ „ _6 


0.045 


= 0.27x10'’ 


P^=lxl0^ , 2P^ =0.2x10'’ , = 0.29 X 10'’ => > 2P^ 
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/=1 , - = - = 0.333 ,/ =0.07 =>/ <- 
3 3 3 

<>=■ lU ( ia ^L>k\ 1-'Oil-.'ll Ja 




# 

kg 

U 

m/s 

h 

s 

Ax 

m 

4 

m 

th 

m 

4 

4 

4, 

4 

10‘/>a 

A 

10" Pa 

h 

(m) 

Jaj^j2ull 

1 

.5 

1.1 

',2 

7'" 

045 

.'J'"3 

'^'5 


.616 


■:'7 



1 g tug I Jfl^ th ‘ Jaj^)>i]l (_J.Ja3l <1L^ (jC. dliJI (JjLij — 6 

^ - A 

^ (.5^j .346 (_5jLuij —^ (.5^ (4)(3^ ^Jakj (j>j .iixjji 0.2 (jSilj ojj.i^ — 

■■'A ' " A 

c c 

Jj'^' (.5^ A j]( ia %,W\ I 0.6 < —^ < 0.9 (3^^ 

A 


# 

kg 

U 

m/s 

h 

s 

Ax 

m 

4 

m 

th 

m 

4 

4 

4 

lOVa 

P, 

10" Pa 

h 

(m) 


1 

.5 

ill. 

2.2 

70 

045 


'‘5 



.29 

.07 


2 

.5 

62 

2.2 

70 

.045 

.003 

.2 

.346 




V 


s.1^ ^' 3 ‘ (4)(j-a .lajj ^ _1 <aj 3 <_Lli&j ljl 

- ' ■ “ '4 

sjj.ujLa]l <alii-a dljlS (jj j) th jR^) aj_j.ujLa] ^ ^ 

^Lill ^’J i ( _1 4.lijjLi.9 ^ i_JJj^ ^) J5 j4 (j^_j]aiJI .ll»jJ ( j'^l 

A^ 


C5^ 


kg 


U 

m/s 


Ax R^ 


th 

m 


4 


A„ 


10" Pa 


10'’Pa 


(m) 


Jajjjill 


- • ‘ f ‘ 4 ‘ 1 

oAA (jl j^j-a A^ull t. ^ t i .05 - il^ Cj^ 

Ac 

(4 ^ L-Ju£ L^Ia C_il^^)xj) ^ <ija)l_La (.05 

2 
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7(j 


-();)3 

• St 
.\Kf 


.61;; 


.:;7 





.- • j 

71: 









3 

.5 

62 

2.2 

70 

.06 

.002 

.05 

.359 




V 

4 

.5 

62 

2.2 

70 

.06 

.002 

.2 

.206 




V 


A 

nip _i ."IJ* It - j (jx .iu ^ - 


jj ji 2Ajaij (jx (_i-alS (JaJI .M* I 


# 

kg 

U 

m/s 

s 

Ax 

m 

Rc 

m 

th 

m 

A 

4 

4 

lOVa 

4 

10® Pa 

(m) 




- 

1-1 

7(i 

r; ■ 

.l:)3 

.05 




.07 




- 

1-1 

7(i 

-• • iw' 

.l:;3 


.C>'- \j 








2.2 

70 



.05 









1-1 

7(i 









5 

.6 

75 

2.6 
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.045 

.003 

.05 

.723 

.616 

.21 

.07 


6 

.6 

75 

2.6 

101 

.045 

.003 

.2 

.415 




V 

7 

.6 
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2.6 
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.06 

.002 

.05 

.43 




V 

8 

.6 

75 

2.6 
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.002 

.2 
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0.3) 


l5j^' m ^ 


■ J (^ ‘ J lJJ-^ (^ 


# 
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4 

s 
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Rc 

m 

th 

m 

4 

4 

4 

10‘/>a 

4 

10® Pa 

Ic 
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1 

.5 

62 

2.2 
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.045 

.003 

.05 

.6 

.616 

.29 

.07 


2 

.5 

62 

2.2 

70 

.045 

.003 

.2 

.346 




V 

3 

.5 

62 
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70 

.06 

.002 

.05 

.359 




V 

4 

.5 

62 
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70 

.06 

.002 

.2 
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V 

5 

.6 

75 

2.6 
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.045 

.003 

.05 

.723 

.616 

.21 

.07 


6 

.6 

75 

2.6 

101 

.045 

.003 

.2 

.415 




V 

7 

.6 

75 

2.6 
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.06 

.002 
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.43 
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8 

.6 

75 
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.002 

.2 
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V 

9 

.3 

38‘ 
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. 4 J JaJI jusy li] u=38 ui^ ‘ 
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(J-axiluijj i ((<IlIaA]l) 5 j) (.5^^ dl'^LaJI jlilijj 

, (^jlall (_)joJ) (Jlj-ail I (j>j (_J^I ^)a]I . ^"lil ^juliLa] a . -i. 11 


/fly _1 JAui-a S^) Lj-lifr (jlS A 


.siuc.! (JS^ (.5^ ^1 jj'ia'. >ij J 




jO^ Uli jJaJ ^jaj^ ^a^ (_}^l (JliLoll 1^ (JjA^lil]! dlj^l ! <ia^!)La 

. lillj (_Jx3l ^ J 
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jii 


! (J^^l ^ La£ ( dlljl^l 1^' La ajLa ^jc- jl a jij 



(DJ^i 


ajLu]! L?‘^^j“’^ Ly*^ L)^ Cllljlg^'^l sLa sjLj Aic j 

'. ^ »ji JiaiSf 

^) jli ^110 M Pa ) a„ aLiII jL^I i j j] - 

^)-uaSjj L_aj-uj C_LLJaa5l ^jli (1 10]VI PE ) (7 (jC. - 


MPa = 1x10'’Pa 
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^j>4 V j ^ J'J j-uj c_JJ-Jaall ^ U^ Jai_Ja3l ^ 

^JaklJ ^ 11 ^1 ul^ (70M Pa ) x„ uc 0-^1 .1^1 i j ^ 


Lai t Jjl.i^l I g'l . aj''^ ii.ljj sjLa]l (j^lj^ jL^'^l) Xj, G^, 

ajLa]| jLuI j ^_jj (.5^ .Xiuju dlls^^lt (j>j ‘. 

jL^^I <^1^ ^ Pa ^ ^_^Lja]l rX^\ I ^ * a U aV I jL^^I G ^ ^ Li'v^i r, 

^Jjiji^ju jl ^Jakjj ^ L)^ (^ ‘ ^) (_9^^ ajLa]l Ajc- L.i . >i\l ^| Auill 

^^1 Ajx ^3^ iS^ LS^ j' ■ILJI ■^'gT’l ^llll ‘.'^-J L?^J^ 

^^)aJI jlg^^l jl jlg-^^l ^1 !-■».>»I| jlg-^l (J j ^2C. j i jlg^^l 

(^^)aJI jlg-^^l ajlfr j LaA^*‘^l <1 jj^j ^2C. ^l) 


.lie 1 _ ■ ■' (_5^)^l dl'^jLix Jl ^Lja'^L ( (l)(JS^I ^ 'JJ-" jLg^'^l ^1 tM^ 4ijJa J 


^\x^)j O cr 

L»aa Lit . >ill jl^^l <1L^ (J* ^ J 

0JLpl (jl Jj Li^j^ aJ]l Ijjj yj J j-aC. (Jc- (FI) aJJ»ajL Ljjjl _j] (JLLaS 

‘ G (,5^*^ ^Lx^'^l Lb-lic u]^ ( a J]l .lie) 



(2)jiiii 
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: (j^UJ (—aj^j 




( Euler j ) <3!il*Jlj ^_^Ja*J ^Ix^l lA-lic (J‘ ^ cr 


O F = 

cr,£ 


7c"E/ 7c"E 


A/ 


(h/rf 


^ 70GPa ^jjiofil ^ j (modulus of elasticity) ^jjAl J^lxx E ciii 

J^JaLa 4 A. 

(1) JjiJI L^LuaaJ cjla^ic L^J moment of inertia <^-9^ I 


r = 




Ai^ladlj r 


( (3) (_JS^I ) t dimill Aij^jia (_5-lc- J ‘ -2 j-4xi] (J j}al\ 


(DJj^i 


a 

a 

1—1 

■ I^ 

o 

t 

R ^)ia3 I- a ■ ^ 1 


2at 

ab 

27t Rt 

tzR^ 

A 

5 3 

— at 

24 

\ab^ 

K tR^ 

K R'^ 

4 

I 


GEa = lxlOVa ^ 
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♦♦ ♦ ♦♦♦ 




a 


cr,e 


GJ 

I 


j Jj-aai] (Jljij'^l 4i)l£. tilLlA j 


26GPa ^J ( Modulas of Rigidity) lU*-- ^ 5 -^ G cin 

if 


7=— ^jUi 




a 


cr 


kn^E ft_'f 

12(1-vfU, 


(_5-ia*J lA-lic (J‘ ^ cr 


(4.aj^)2i]| t ) ‘ (4)l)^ ^ ^ ‘ 1~'j-9 t & b 
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l^jxj (3fuj E 

ij jLuoj jl^ j ^j (possion ratio) jjJ jj v 

(-.346) 

^)]ajl ( C1 i}JJq]I 4L^)]a .IaIsj dijlj k 



(4)l1^I 


fiLSaC’l 

(Jjliij (_3J^)ia (j& ‘ ( 4.aJ^)4i3l (_Ja^jJ SAa&I j\ J 

(b) JjlJI 

^ lAj^ (sj) lS^I \Ji (b) lij^ (I) JS413I ^ ; (5)l1^I J^\ ^ 

(lj) 4JLaJI ^ ^ cr 4)^ (b/4) 'Oiiaa (_JS i^jla ^4a3 4 (_^j ^-ixuLa 1 g '6\ <aj^)4i3l 

^(1) <3UJI ^ <5 L^XjJa 16 


(k = 4 ) V.. 


jA 4jjij]l f.ljJaC-1 (j.a LiiJa^ 


eq( 3 . 2 ) jd i 
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(5 cf J ‘ LjajI ^1^)^ (j-a 4£. j'‘ ^-■' Aj_ja!i]l ^Lja&l (jl LaJ 


4.it.j.il.La]| k ( CT ~ 


kTZ^E ft^' 


12 ( 1 -v") 


v^y 


) AIjLuJI 4jjlx>a]l t L^ 


k 

•• 

fLia&V k 


:!i\!La (4j5)LlS2i]l ^klUi]* 
liA ( k=.43 ‘ a^lj 4 ^-^ (j-a ‘■"'Jlf''' ^IajIjj&I jjSI Ja^l 

' ( (t ' ■ ^) a.i^l j 4j«Ja3 «.LjaC.I (jjSj La.2jc. (._ Uul (j^ljpa'^l 

(_Jj ( ^AmiLIa]! k ^ (jc. dliJI (3^ dj li] ^Lai]l jl Climi]l <Ljia3 


G (_iLua^ 4_LujLLa]l C1 i'^jIxa]I 

cr • 


4^A<a& (J^ ‘‘'J * L ^ _9 Li^j ^Ai Lal^ 


k=.43 ^'-a^ 3* 



(6)lS^I 
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(j^ ‘ k=4 i_$\ ijf'c, L>* ^j‘"; ‘■"'jif''' ‘^"'y^ La jL^I _jA jiial Ja^l 

(climi]| “LilLuj 


I—a!iLiJ jLg^'^l LjLmiJt jLg^'^l dl'^jljL-a AaIsj i— a jjoi ', 4ja^!)La 

l^l.l^ILuj| AiLiJa'^lj ( t_JJ^)^l t_llj (j-a liAj ^ il^l-.i.J _jAj) ‘ 

. 4j jalll r' ‘ ' 


^j*il Cfi- ^u]( j 14 aV( 


(—?-1)lJ^' 0^ j^j 

My 

a =— 

/ 

(1) JjiaJI ^ Ij*^ cjjA ^jA\ jLa L^LaaJ cjls^^c L^j momeiit of inertia I 

O lAAic. <-J^ Wa ill ^JaLoll <^Lui-9 (j>j <3 Luia]I y 

^Li]l ^ La^i^-faia ^-^aLa (j-a ajjxla j moment jj^l M 



(7)l1^I 




y ^ ‘ Sic- i iS J" (,5^ ajlc- 1 lag'l CJ ^ 


o = 

max 


M y 

max ^ max 


JJ ]£j /)' ^1. G = 

^ max 


M. 


Jr 


max ■/ max 


My 


J G =-^ ) (jijajLuJI (j^jLxall \ AJa^^La 


(frame )j\M^\ ^ a 
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M 


^ aIj^I j 

^1 i ^ \ ^ ^^Lu-G lj.2jc. Ltt.IiC. ^ j i 

(iJ^J^' jjl^ A^li) i^^jAc. ^JlA dj^ ‘"^^ + ^/max 

W iS jLuJj J ^ ^ 1-^VI (_^i& Ia jdlj J iL ^^1 0^ 

c5^ Adxj 1 ^"iaj^j I dil vjWlI ^jl£' Sj^l 
US j^j t Uj^ ^jjL^I >■ ^ (jj^J ■ (jic- jijC' (y<<a3l 

JSd]l 



bJI (> S jSJI 

2W ^ 

L 

i L 

i L 

w 

1 


1 ^ 

1 






z 


V V V 

\ 

/V 


J? '^F V Y Y 

1 W 1 

~.2W — +-~.25W1 

2 2 4 

CJJ^I 1 


(9)l1^I 




dlljUa'^l J ^Lda&l ^Lda'^lj i—a!)liJI (j>j (j^jSjJj ( ^jjU-JI ^-itj.i'N jA j 

j_^2 A£. jLuij J ^_)_S lV* jlLa jA <iij ^ tayi^l I 
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f Lua^i j 




■l-.lU-vM A 

W _j]I s^A (jjj ( ^ jLuij .ijc ^ jlgjj (jl _jA ' '■■'^J La (1 

^\ J i mg + mf^^^ 

j ^ ^ a. 1 ^ U_J^ 1 g J ‘ ^ (J j}a (_5-lc- a^»ILa M (2 

J>aA^j)( a 1 1 ^ aLi I ^1 ^ c_jlj^l ILa ^ L a u n La ^ ( (0.25Vl^ /) ^^Luij 


j| ^'i\l ljjl£>aL^ (_ 3 iaLLa]l Lai ( (Aj^j^I r' ‘ ^f-' j (_a^^UiJI 

Cy^ a1^!)UI (_J^I^)a]I c1l^.^»L]I ^I^>^I 

I La 2‘ J ‘ Aiill ''I ^ I (_i<a^ (jC. a.A^ J (Jj^jji-a i_S^iUtJI (jl i_(3 

^"'^f'"' IA-IjC jWAJ Ax^I J t ®y (_^j ij-k^ (jl (jA^aajj jL^'^I 

djIjUa'^L ^j^l a-LjaC-l 

aIa^ ^^jC- .1 ^^1 |_]^^.uua]l Aj^j^I ^[jJaC-] ^1 C5^ ■”!' J*»ai t^ll ''' ^ •^' (4- 

<^j cJ^ cj J^j t5^j u' 4^ 

L_jJax-Jall CJ^ <jj5j]I ^LjaC-l dljlS lij (5 

Q cr sk (J‘-"^J V (jl ^ ^ lj:>uji J Aj_jaj]l f.l 1 >»r.l jjl 

Jj ^ J^l jL^‘^1) acr,st Jl ^J^l jL^'^I) 

. (j_j-ac. L^l jl.iic.1 Jc- ^jSJ^I f.l . >»r-V ^^)^| jlg^'^l) G ^ 
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^LuJl /^ sjLua. (6 

f.' 1 >ir.V 

' i; i (."umj! AIjLuJI dlLjal jfia'^l (V 

(a^j!La]l .Axu»j) «^Lja&l jl i_9!^lxl] t lilAuJI (8 

1 ^ 

Clujili]| (Jj^-ujj] ( l[* ^l^)Ji]l ^l^illujl (j-a (J^ L (j-a ^Lja&l ^l^iHujI (J^Jaaj (9 

L^l.liIluol (jS-aJ 0J;liS lilliAj ( j 

' j ^ Euler lAAic ( Ajjiill f.\ >>»c.^ /^ / r < 20 (jj^ La. 2 j& (10 


4j^ji!l]| f.\jJaC-\ 2.1c- jA N 

M=0.25Wl 

(jC. ’'J'^-j'' (Jj^xuaII jib I _a!)LiJI (jl (_)^^ (.5^ ‘ ■ ^'1 ^ ‘ ^^1 _)a^ '_S^jAO 

O J jA^lj <La^ 


CJi = 


M 


71 R^t 


sk 


jll ^^jalll f.l 1 >»r.l jjl (_j^^ (. 5 ^ ‘ ■ ^'1 ^ ‘ ^^1 ’'I g •^^-11 '_S^jAO 

G 2 <1a^ (jC. 

2M 


^2 = 


NRA 


sk 


(j'^jjAiA I_a^iliJI J f.l 1 ><r.l jjl (. 5 ^ S"'^'1 ^ ‘ ^^1 >1 ^ ■>■^-11 '_S^jaj 

G 2 <1a^ (jC. 


2M 


3,st 


^ 3,sk 


sk 


NR + 4, 

2M 


NR +4, 

^sk 


^sk ^skKk 


bsk = 


27C /? 
iV 
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cr.sk 


^if^'^if 

^ St 

12(1-'',/) 


^sk ^ 

ff. 

12(l-v,/) 

[b„ 


K =0.43 




cr,E 




Kh 


iljrj 


r^t = 


A„, 


^l<^y,sk 


4 J 3 ^ (j-a 


a2< 


y,st 


^3,if *^^cf-,if 
^ 3,sk ^ ^ cr,sk 


5 <ia^!)La (j-a 


( 9 ' l .a gj y Euler J ‘ K ^ ^st ^ ^0 ci*-?. Jj^-^ 
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<c-^Luij^ m ^ ISjLuj LaUj.^^ c5^^ ^' (1 

R j^ j ‘ /„„ 

M=0.25(m(«+/,„„) M^(2 

•! _ . , ^, 

kjk^y. ^ t t ( A£.Llk.^]l Ai^-uj)^^j5!ill ^LjaC-l (JlS-kil .^^1 jln- (3 

(!)liLa 8) N ^Lja&l jliij (4 

/^ _1 jliij (5 

t^‘ ^sk ^ysk ^sk Pii: ‘ ‘— ^j±l^\ ^LL^ JaxIujJ (6 

(a^ j!1a]| (._ Uu^) 0^jiLull t LS"^) 

4.^0^ ^1 i (!4iLa ^j^ua]!) a^ j!L4I jI jAill jln^ (7 

(ajSjiJI ^Ua^I l,1au^) ajSjiJI ^ cS'^j p^, 

_i <jiiajAj (8 


Kk = 


2n R 
N 


^sk ~ Ek ^sk 


A. 


A„ 


r,t j A^, j 7^, j A^^ j s-iA*!^ (9 


jjJaC- i_J£aa ‘ 

jjJaC- (_]^AAi ‘ _ 'iii-v 


M 


' 7Z R^t 


sk 


^2 = 


2M 


NRA 


sk 


^ 3,st 


2M 


f 


^sk 


^ 2 ^ 3,if ^ 3,sk ^ cr,st ^ cr,sk ^ 1 


\ 


NR +4, 


(10 


jjajll .Ixj ^1 1 
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^ 3,sk 


2M 


f 




NR +4, 

[E., ^ 


cr,st 


cr,sk 



4 Y 

12 ( 1 -v/) 

Ki 'l 

12 ( 1 -V,.") 

r-J 


O j, = 

cr,E 




AJe 


y,sk 

^3,st cr,st 

^ 3,sk cr,sk 


iUrJ 


ia(11 


a2< 


y,st 1 


^3,ir cr,E 


Ig / < 20 CulS (jj JajJj]! jji^j 




^3,.r<- 


y,st 


^3,k<- 


y,sk 

2 


= NI (4^ ) 


(12 


a„ lUVi j jSii 1 

, Q^^ju Lajl^ Jal^)JjJul (j-o L}^ Vj 2 

(>« UajC. Jit j\ -^u^3 O gg jO gg jl jA Li^ 3 
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(13 


(Jal dlla&l <3LaJI jliij J A 


IjHa 

L_k^l ^J^\ Jjjj cli^t (jjjkjLuJI ^ sLjldj (JliLall ^lij 

^jjdi^jj Aji\ jjL-^1] 

{i=2700Kg/m^ 

E = lQx\{fPa 
a., =100x10® Pa 


v = 0.346 

t = 1mm , t = 0.5mm 


ia^ (jjjjLlC. jj 3 1.4.atall Lai 

(jl I laalfr AIjLuJI ^JiLa'^l L>^ (1 


/ = lm 
m =io.^r^ 

/.ax=2^=19.6 (g = 9.^mls^) 

Lalt .045 m_j Rc ^ jjL^U ^).uj.i]l .^>1^ ^ a. ^ (_^LuJI (JliLall (j>j j 

_ J a jjilujJ ^>^1 R ^Lall ^ a. ^ I 

P = 0.05m 

(L^jaj) M (_5.*-a3^l j»j*ll t. I (2 
M-0.25/m(^ + /^^J = 0.25 *1*10 *(9.8+ 19.6) = 73.5 


I 


^ _jj]| (j>j <j| (c1j'^jL*.a]I j^)l^XaL»jJ ^ ^ +2^ Cy^ ^_5^l a.LjaC.1 jliij (3 

^jl^l (j.<al jus'll ^ ^ ajL jj Clinii]l 3jg ‘'''’ (_Jiuo'^l '^^l (j^ <—4.1^1 j) t 

(^,,=0.43 

J j^j 

^.=0.43 
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N=8 jliij (4 

Ig =0.1w —J ((j^jUal ^Lui-all /g ■‘'-aja jjij (5 

((JliLull LaIjJA^ LuS) j L_a!4jiJI ajLs_1 jdAll t (6 

p^^=2imKglm^ 

=70x10^0 
o, =100xl0'’Pa 

y ,sk 

V.. =0.346 

= 1 X 10“^ m c^J ® jSj^' t>:4 ci'^j MJ^J 

((JliLall AjI.1j lAljJ.1^ LaS) j Aj_ja!i]l ^Lja&l ajLo 1 a^ jja]! t _ '"X i (7 

p^,=2700Kglm^ 

=70x10^0 
a, =100xl0'’Pa 

y,St 


V,, =0.346 


=1x10 ^ AH a j3jla]l t ^ 

/? = 0.01 AH jb —1 ^jikla iklj (8 


^st At 1st Ak K (9 


bsk = 


2'kR 2% X 0.05 


N 


8 


= 0.039 


=0.001x0.039 = 3.9x10"" 

1st =\2 bjt, =\2 xO.Ol^ X0.001 = 8.3x10 “ 
A^^ = = 0.001 X 0.01 = 1X10"' 


A„ 


( 8.3x10 

1x10" 


41 


= 0.00288 


^ 2 3,Jl ^ 3,sk ^ cr,sP cr,E ^ cr,sk ^ 1 


a, = 


M 


73.5 


' 7C 7C X 0.05^ X 0.011 


2M 


2x73.5 


NRA^,^ 8x0.05x1x10' 


= 9.36x10' 


3.675x10' 


^3,jr 


70x10' 


2x73.5 


(10 


70x10' 


8x0.05 


^^^^^ 1x10"' +3.9x10"'^ 
1^70x10' ^ 


= 7.5x10' 
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^ 3,sk 


2M 


2x73.5 


r 


\ 


NR +4, 

[E., ^ 


8x0.05 


^TOxlO*" 




= 7.5x10' 


1x10^^ +3.9x10 


70x10" 


cr.sk 


O = 

cr,E 



ft ] 

0 . 437 c'*70x10 


^ 0.001 Y 

12(l-''7) 

7-J 

(r.r 

12(1-0.346') 
f _ 0 . 437 c'*70x10" 

0.01 J 

('O.OOl'l 

12 ( 1 -'’,/) 

+-‘, 

12 

(1-0.346' 

r 

[ 0.039 J 


= 2 . 8 x 10 *' 


= 1.7x10' 


-11 


7 C" X70x 10" X8.3x10^ i 




1x10"^ xO.l" 


= 5.7x10' 


J ^3,st <^cr,st J ^1 <^y,sk u' 

a. 


(11 


02 < 


y,st 

2 


^ 3,sk cr,sk 


L / r^. 




JlJilLj 4 / r,, >20 J dj r^, = 0.1/0.00288 = 34.7 

‘ C)3_^, <^cr,E 


^3,sk< 


— — J ^ 3 St ^—~— 2)^ Ja^5Uj (ijJjl (jj) j n-s ij 

yfidss^t sk ^-3^' <^Ljac.l J ajKH a \‘M\ (12 

mass^, ^, = NI ( 4 , p^, + 4 , p ^J = 8 x l(l x 10“® x 2700 + 3.9 x 10^^ x 2700) = 1.06 


4 1,, =0.5x10"' J =1x10“'-1 J=4I ^ (13 

1 ^, =1x10"' J =0.5x10"' _1 J=4' ^ 

=0.5x10"' J =0.5x10"' —1 J=41 ia-i ^ 

5l!La = 0.005 —i ( (14) <iai2l siA ^ La Laj) JjlaJI .1^ ^ 

2 =0.005 

ijl_^La ( (_]j.1^ A^j La 


^ Euler ^jji ^ cr E ^ UJ^ LoAic. Li_j.oc. j i Aa^A A ..jail oAA 1 


^ cr sk ^3 skt ^ jjSj AS i_y^j 

^ 2 


4 4jj^ (Jal (jl i ^-LiJaC-l d\ 4» (2^1 AJXJ ^ 
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# 

^sk 

Kt 

K 


^^2 

^ 3,St 

^ 3,sk 

(mm) 

(mm) 

(cm) 

xlO^’Pa 

xlO^’Pa 

xlO®Pa 

xlO^Pa 

1 

1 

1 

1 

9.3 

36.7 

7.45 

7.45 

2 

1 

.5 

1 

9.3 

73.5 

8.3 

8.3 

3 

.5 

1 

1 

18.7 

36.75 

12.4 

12.4 

4 

.5 

.5 

1 

18.7 

73.5 

14.9 

14.9 

5 

1 

1 

.5 

9.35 

73.5 

8.3 

8.3 

6 

1 

.5 

.5 

9.35 

147 

8.8 

8.8 

7 

.5 

1 

.5 

18.7 

73.5 

14.9 

14.9 

8 

.5 

.5 

.5 

18.7 

147 

16.6 

16.6 


# 

^ cr,st 

xlO^ Pa 

^ cr,sk 

xlO®Pti 


^ cr,E 

xlO®Pa 

(kg) 

Jfl 

1 

281 

169 

34 

575 

1.06 


2 

70 

169 

34 

575 

.95 


3 

281 

42 

34 

575 

.64 


4 

70 

42 

34 

575 

.5 

'i 

5 

1125 ' 

169 

69 

144 

.956 

V 

6 

281 

169 

69 

143 

.9 

V 

7 

1125 

42 

69 

143 

.532 

V 

8 

281 

42 

96 

143 

.48 

V 


, lIAl 




IaAaIxj L_a jjM J t 3 iaj^)Jj]l (3^^ {JSt\ (jl 


a jUaVi 

(10 )l1 ^I j^\ 

^jjU-a]! I—a!)liJ (JSjill (_^ic. <ia3La^l (1 

® (Jjliu (jc.) Ajjajll <iLja&l 2^ (2 

t5^^J ^ <-aALui-a]l (3 


( (ll)(_JS^I ^>lajl) jUa^^l ^^Ic. 


5j]lc C5 


(J^ t 7 - L Aij3^ .^,):^^ ^ oIaj 1 
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(P) <J ^j_5^)AUa]l ^ aj3 (1 

I_a!ilij| (q) (2 

4ij^)ia (_5ic- IAjIjLs AaIxjj (jLIa^lj <!ilLa dijlS I jj) 4 ^®J {*_i^ (3 

O !)l!La ( cii2jj]l 



(II)lJ^I 


(jc. (jl ‘diljLg^l j» j 3 *^^ j l 5 j 

_jA (12) 2^ ‘'''II P a j3 (j-a ^Lj jl-g-^l ^ ■ ^^1 !iliLa 

4.5PR 


G = 

max 


TZ b^t 


(jA Jal (jj^ u' 4^ 



^ (_5^)AUa]l (jj_jil 2'"^"'I ^2^^ dll jlia'^l (."ll talj'^ t I <3!il*JI s^A Adu L_a jjmj 

J' 


^fr,total ~ 


A.5WR 

^ ^fr ^ y,fr 


b bj:^i J ‘ iS jAUall (jjjJI 2 ^^^ ^j!iUI dljus'll 


fr,total 

G jy l]«13 G r Lla-l^lLuol Clu^ 

Lijr ^ y,fr 

g ^ ‘ ^ ' idjajj3 ^ ^ i-^VI i'‘njTi\ ^jjUl dl jUa^^l Lai 
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ILLuo ULjjii. ^^\d^ m R ^ siilj (1 
W = m{g + ) W ejjL-li ujjJ' 4^ (2 

CJ |j. p jt (J-JaSj j ^dll^UaVI 0^jJA ojLtt (3 


, j 2 a 3| (.-^1 a*j.i 1I j 

( ^ ^ja) bj-.—^'^^j^ (4 

0jLi*.^I L-IwjLIa i Aj-ujIja t C5^ (5 

JajJJI (J-ft (jS-«alj du^t 0 ^ 

A,5WR 


^fr,total “ 


^^./i- ^yjr 


^ <al-*.j.ui3l) C5^ ^4 .^ uj.iL 1 a ^Lsa^I J J 

J ^fr,total 4^J bf^ Jji-j ‘ j4 Ijli (6 

cjljlL‘^1 ^ c.u.,^1 (7 


mass 


fr = 9frtfr,totalT^(R" -(R-bfrf) 


LlLuC <^LLa j AjiiaLa j\) < 3 jS (_Jal ^_^Ja*J jliij J^bj-^ ! 4 ^ (j-a .M* I (8 


.( 


2JH9 

(j^ti]| (jjS-tijJI Lu^t ^^li-k^ (j>j (j^ 4 j^ ^jj <jl (j^^)ij] 

t = 1mm , t = 0.5mm 

p = 2700Kg/m^ ,a^, =100x10'’Ra 

41 jLui]| A^La^l ^ /i 1 ^"1 lj|.lj dll^lial 

J=4I 

(jl \ i.a\c. AIjLuJI a 71 ^\ (1 

m = 10^^ , R = 0.05m , g=9.^mls^ , = 2^ = 19.6 

W >Ui]l jjj]l 41^ (2 


t ^jlij-a (jc- ^‘1 \ ^ 4 l-«..'l j ^ djl^UaVi 1 

O^La]I 4 a\A. 
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W = m{g + ) = 10(9.8 +19.6) = 294 

^I ^!>Luoluj'^l j ^ LjjjSj (3 

p=2700Kg/m^ =100x10^Pa 

b = 0.005 5liLa b —1 <-443 jlikj (4 




^frjotal — 


4.5WR 

'^^fr ^ yjr 


4.5* 294 *.05 
71*0.005" *100x10' 


7 ,,,,,,,> 0.0084 


liAj i —0.009 L J t 1 mm Aa.A\ Cili 9 jla 

(Jlj-aSi ^ IaI U>aja3l =0.1 _! <±wjLi-<4 ^LL-^ 9 LxJajlt 

le=. 1 


“I-1-1-1-r 

I I I I I 


"1-1-1-r 

I I_I_i 


-1 = 1 - 


(6 


cjljlL‘^1 ^ 9.u.,^i (7 

mass f,. = 7^, 7C (/?"-(/? - bf, f ) 

= 2700X0.009 X7C x (o.05" - (0.05 - 0.005)" )= 0.036 
Jaj2i]l (_gj& t b =0.01 5liLa i b —i 4 <iakj Jjju (8 

^ .5mm 4Lu^ cjljLLI 9 t 7^,.,,, >0.0021 

mass =0.0344 t 7y.,.,„, = 9*0.5x10“^ =0.0045 

Jaj4i]l (_gj& t b = 0.03 5liLa t b^^ —i 4 ^iakj .ll*j ^ 

^ 1mm t^Luji jLLI 24 ^.^Vumi t 7^,.,,, >0.00234 


mass =0.0592 t 7^.,.,,,, =24*1x10 ^ =0.024 

Jl) ^-Jaj j 


# 

^fr 

la 

"jjfr 


^ fr,total 

massj^^. 

(cm) 

(mm) 

1mm 

.5mm 

(mm) 

(kg) 

1 

.5 

tfrjoral ^8.4 

9 

0 

9 

.036 

2 

1 

^fr,total — 2.1 

0 

9 

4.5 

.0344 


. ^).al ^ (Jjt IIa ^La Vj t 0 . 1 cJsl (jjSluj Ic q\ cT^ i=ta.V 

.• • • * 2 
< 11^1 0 . 1 ^ )^Imm kiLaj.jJI djlji ^‘1 
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3 

.3 

t > 23 4 

yr,total — 

24 

0 

24 

.059 


. ^LiJI jljij i_a jxM j 


rUaJI 


(j i_$ jLujj aJc. (jl i_^\ i ^(jc- l)_jA ^Li^l 

. ^jjLk^l] j_5^)Alia]l 

jai JS-ill IS 



(13)l1^I 


^yi (jjj^ ‘ Jj^ C 5 ^ UrJ'^^ (sparcs) jU.« (>» uj^ 

^ JJU^I I_lljUal (_ysju 


“ killlA J ( dll^lial ^ dll^lial ( v^xj ;i-a ' 


i <j dlljOal (J‘ 

<3 J i ^Li^l ^JaLul dylj (_JS^ LS^ ^UaSL^^I ^Luij ^Isl ^JA LjajI ^Li^l (j^jSjJj 

(^jLJ3 l5j^^ 

^JA LjajI ^Li^l (j^jSjJj 


^1 ci-A^ C-ijjbj (jc- (jl ‘' C-ijjbjj LjIj^I IjlA 1 

(i^J' ij 
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jLuj (_JS ^ 1 ^ 1 ,' 11 ^ ^ LijI Laj i (j>j ^3^ 3'“^"' Jl5 1-J^ 

.VW_J ^al-vllj .8W_J ^jLml] (3^^'“’'^ '') lAj,2iLuj3 3'”'^" (3* 

: (spare l)^^La'^l is 


N = -xO.8 

64 R 


(Aludll ^ ^ ^y^'' ) ^\M\ ^jU\ Jc. 


^jjL-al] ^jAUall 'W 

(^Li^l (Jjia) (_5jLua]l (Jjia ! A 
^ j3 ‘ .J-^ ‘' ° ‘ ^' i R 

^0 j3 ! N 


N 


compression , sp 1 


A 


spl 

3W A 


•a , =-x 0 . 8 x 

compression,spi ^ ^ 


1 


5^1 


IS jLuJI , j JalxA^aj'^l G , 

S? ' S? • compression,spl 

j_5jLuJ 1 ^JaLa 4 ^spl 


Euler,spl -, 2 t 

hp Api 


^\M\ (^jLA] Euler ^Ix^l o E„i,r,spi 
^ys\M\ (^jLJ] E j I 

^Jal jill (jl LlJajpal Lljl (jl (j^lilLa (jjaJalS (j^ ^Lui-a 1^^ 

1^ 1 i lM t ** n y"'! 

()! ^1 ^iala3b ^1 ^ll^l ^ a.^Ti^ ‘ 

^ compression,spl ^ ^ Euler,spl 

Euler ^l*4j' 

(j>j lJsI ‘ U_J^ l) "4 -4^ ‘ (Ih* UJ^4j ^'^jj 


,0 Ijj^ t / / r ^ 20 La-^jc- La^ Ja^)jja]l IIa 
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^ compression,sp\ cr,plate,spl 


l^sp\^ ^spl 


cr,plate,sp\ 


I2(l-V') 


't ^ 

'■sp\ 


a , 

V J 


^)]aj|) 4 Li^jj-aj LaJ jlxj I—a yoij iaisj 

(.^ ^11 

LaJojI (Jal ^L^ (j^jSj (jl 


^ compression,spl ^^cr,Q,spl 


^spl-^spl 


cr,0 ,5pl 


^ spl 


jLxjIj lJS4; ^Jc. j 


M 


max,5pl 


32 


xO.7 


(^jLuJI ^ ajc. jAJ (JjUI Minax,spl 


^ bending ,sp 1 max,jp 1 


,y max,.spl 


■ spl 


jL4l f j*-^' CJ 


bending,spl 


( ^JaLall b/2 ^JaLtt <^LuiA AiLua-(4 ,lxjl y 


max,5/7l 


^ max,spl ^ compres&in,spl ^ bending,spl 


3WA I WA J^ax,spl 


■^maxspl =-^X0.8x-+-x0.8x 

64 R A,,, 32 


o , <G 

max,5pl y^-^pl 


^\M\ (^jUi jL^i 
y jL4l jL^I 


JaLii^Vi (_L-fiaaj ^j£] G (Ai 3*^ 7 tji 1 
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j W» ^)SjLi3 (sp3JC 2)^°''^'' ^_gjLuJI Lai 

! di'^jLtA]! j i ^Lajjl 


M 


max,ip 2 




xO.7 


^ max,ip 2 ^ max,ip 2 


WA 


J 


max,ip2 


ip2 


•CJmax,ip2=^X0.7X 


^max,ip2 '^^ v,ip2 


J 


max,ip2 


ip2 


j_5jLuil] _)j-a^l ^Li-a <j.mG _)j-a^l ^Lx-a du 


,lj t cJrjis ajl& l5^j^I (_>‘a^l ja%j ^ ! <ia^!)La 

Cy^ ^AL]! A^I^)AI 


(jli dlljUa'^l ^ i^j\ j^l lAlj,lAlc.l j^l ^^)]a]l (._ Uu^ ! ^l 5J^ dll jUal 

(jj>a^l iJ:l.,lsiJ ^-ajlLLuj lALLa,liIlujl j_^l ^!il*JI 

4.5 


C5max== , 2 

% Dr t f 

fr,sp jr,sp 


^fr sp _5^l dljUa*^ (. 5 ^^ A^tall (jl ‘l 5J^ J.AI dljLIa'^ (. 5 "^^ Axitull jjAA a.1^ 


4.5 WR 


' 1 2 ^ 

It u s O X 

jr.sp y,jr,sp 


a jjjdAL (^jLd y t jlj^l dl jU^y (j^ (12) J^l t^l b ^fr,sp 

fj jl J^l dl jUal ajLA jI^I a yj>,ip -5 ‘ ^fr 


ALo 


^ _3W ^(2Rf +(A/2]\ ,^ 


32 


R 


a = 

wire 


A,„..„ 


AiuJI , J oAl a a3 F 

s? w 


i ^Ual cJ^ ‘ ^lliLa (jl^lJal cJ^ 1 
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i Cy^ u. 3 ^ u^ ^. ^?‘J ^ tilLuJI Aiill (7^ 


a <a 

wire y^wire 


^ m4{^Rf+{AI2f 1 


32 


R 


y\wire 


dl^j ^j3 du^l dlluj (jl (_>iaj3 (_gi& dmdl j_5jLuj]I dl'^jljL-a ! <ia^!)La 

(Jsl Auill ’'' 1^ ' U^ lA^ dLujjl lAluJI Lol^ Laj^oC'^ ( 

, dl]^j ( j ' g ^ ^iiJal jllI Lai 


L5^ t ^^Liii] (jl jjia]| (AaLoj (_5 jLuoJ ^ jjL-^1] (jl jjJall (AaLoj ! ^ ^ 


r = r = 

'^/a '^la,w 


271 AR„ 


2 + y4+AR^ (l + mach^) 


liilU. ij jLujj (aspect ratio) (^L AR 2as 


AR... = 


A 

B 


Mach = 


U 


t ** 


343 m/s LS j-^-all kc-yM tlu 


^-C,„,wa_eAR 

Q=\9U" 


P J iy jAUall (jjjll W J (_g j > <oql l (jl jAall <:Jjl j J ^ U 

A _j^l AiliiS 


_ 1 _ 

1 + 24 , J{2Rf + (A/2f 

s jl j:i. jJ T du:i. 343. 


-I JJ 1 


293 


^_^jLd 2 
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AR„ 


^ J (IV = C,„ ,a„„ e/>B) 

D 


A 

B 


AKW 

^/a,w ^max Q 


AK 


^jLuiillj OCjfiax (Jj J ‘ U 4£.^)ajJI ‘ _ (l 

IaUj^ R ^jjL^I j]a3 >■ j m ^jjL^I aJjSj 

^ i AR^ _1 AjiiaLa jliij p ^1 <iljS AiLja'^lji ' 


Q=\9U" 

Mach = 


U 




C 


271 AR,. 


la,w 


2+-Ia + AR^ (l + Mac/z") 
W = m{g + f^J 


B J A _1 ^La^l t ’ (2 


A~ ' 


B 


^fa.w^max Q 




iS 


0jji..-^ 1 A B cjK.i'-b uu 5o-^j liA lAULutlLiil (jV A B 1 

jJl t A B o^Lc,'^ ^ (IjA Aj^jjaia-all i^jA cJjIsj (_j3l 
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(jjJiJala ^Lui-a ^>^0 jljij (3 


T 

^spl 

I 


I 


^sp2 


Lsp2 


tspi (jJJt-a (_JS^ jliij (4 

L5^j MJ=^J ‘Sjaii^' P,pi V,pia^, ^y,sp2 ^ 

«.pl ^sp2 CJJ^ C) Cljl£.l J- a^p2 Kpl Kp2 ) 


T = f ^ 

■'ipl “12 ^jpl^spl 
-^spl “ Kpl^spl 


a 


y 


spl 


max,57?l 


2 


T _1 3 

''jp2 “12 ^sp2^sp2 

^sp2 “ Kp2^sp2 


a 


y 


max,5p2 


spl 

2 


•^jpi 


a.„4 


5p r 1 


^ (6 


3W A ^ ^ 1 

a , =- x0.8x- 

compression,spl a n a 

64 R A,^i 


Euler,spl 


cr,plate,spl 


1 ^ A 

^sp ^sp\ 

^sp\^ Espi 

12 ( 1 -vj) 


‘spl 

a I 

V J 


^spl'^spl 


cr,0 ,5pl 


max,5/?l 


* 5pl 

3W A 
64 /? 


x0.8x 


1 W A ^ „ }^max,spl 


^ 32 


x0.8x 


■ spl 


- (7 


. C JkuI M (J^j^ (jj% cs^ ‘ ^spl '^^spl ^ 
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max,5/? 2 


8 


Ja(8 


^ compression,spi Euler,sp\ 

^ compression,sp\ cr,plate,sp\ 

^ compression,sp\ cr,Q,sp\ 

a , <a 

max,,ypl 


^ max,sp2 y,spl 


^sp2 tspl tsp2 ) (5^ t> c3^ 

^jlj^l t / (9 


= 9 spApi A + 9.P2K2 ^ 

J Jj (a 1 a 2 ^™ 2 )—' 




(10 


<j£^ius aJjS (J 3 I 

(ij'l.'ll^a dlljliayi ajLa dlljLIa'^ ajLa jliij (11 

(ljj,2j,a h „ <aj 3 / uiij) 1) j. _1 4.AJ3 jliij 0 ( D j- Or 

\ ' - • jr,sp - ' jr,sp ^ ' ~J r fr,sp y,fr,sp 

4.5 W/? 


t f = 

fr,sp 


7Z b f O r 

fr,sp y,fr,sp 


l_gj)\ j.uJI dlljUal t / ’ (12 

fnass = p t 7C (/?'-(/? - )') 

AjiiaLa <^Lu 4A (j^jSj (jl Ja^).2kiJ ‘"'jj"'"' lilLuj jliij (13 


A > 


yw ^[iRf + [A!if 


32 


/? 


■x0.8x 


y,wire 


^2) (jS,aJ La A .a ml (j^jSj (jl (A^alj j 

(_Lui^) Q , <JjLa tit, -r Li^l (14 

• ' r sk,wing • skewing ^ ' * 


mass 


sk ,wing 


N =A 

^ n'^5 1 

l^sp 


mass,,, „„■„„ ajJjS uu^ i (^jjaA^I Ji,>>Vij jajlall 

wing ^ *" ^ 


^ sk,wing 

2p , AB t 

r sk,wing 


^ ribs J'^ (15 
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mass^ll^^ ^ t S jSjla SjLj liLsjoi J^J 


mass^ing c'"^ (16 

. . . 1 

mass = mass + mass r + mass u + mass , 

Wing fr,sp " ribs skewing 

(jl (_5-lc-) ^ <iiS (JSI Jl (_J.k^ (jl Jl ajIaJI (jx (_iiJI .'ij* I (17 


, (ix-lla -la j^).uill 


(.5^' ‘ ‘^ 3 ^ (J ^St j^^-lc. 1 jlafr I_ a^j-uj 

( ( = 4 (jl LlJajpal 1.1^) (a^^).ui ^L».^|) ^l*-ijl lg-1 (. 5 ^ ‘"'j;"’"’ 

ji—sllliJI ^-4 dimill a-lC-LuiAJ ^ll^l Euler J a-ijli lilLlAj 

^.-4 <1^1^01 l^)laj ulj^l 1^ 1.1^ i (1)1!L4 ^ 

^'lil jj>4 i-jJjjjljj ^ j>4 J (l^liL4 I ^)Jlj) dujjjll ^ j>4 

, A W 4 i\l Ajfilll 


3Jli« 


^1 i ' g ma'l j!i-4ll . 2 IJ- 4 IIJ i ^Li^l 


p = 2700Kg / 

E = 70xl0‘^Ea 
G = 26xl0Va 
=100x10® Pa 
V = 0.346 

I = 1mm , t = 0.5mm 


^ ‘‘-1^ ( ^LuJI (JliL4ll ^lilj 
ajtiii L ^ ^ 11 clil j '3y ^^^ 


ia^ (jjj jL^ ^ jj 3 liL 


Ul 




(j^jjiJl 1 
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U=75mls 


' ' g I i^jj^ ( 1 


«max=0-2ra^/ 

/.ax=2^ = 2*9.8=19.6m// 
m = 10^^ 

/? = 0.05m 
p=l.l6Kg/m^ 


Q=\pU^ =\ *1.16*75" =3262.5 
U 75 

Mach = — = —= 0.219 
343 343 


cl^ j'^J 






A 

B 


C = 

'^la,w 


271 AR 


= 2.58 


2+^4 + 2^1 + 0.219^) 

IV =»»(*+/„„) = 10 * (9.8 +19.6) = 294 

A B ^Li^l jLxjI t’ (2 


ARW 


2*294 


C;„..oc.axe ^2.58*0.2*3262.5 


= 0.59 




294 




2*2.58*0.2*3262.5 


0.3 


= 0.05m t (j^ ^LuiA] ^..a^ jlliJ (3 


sp 

T 

^spl 

I 


I 


^sp2 


tsp2 


=4 tspi iSj)^ j+uli (_JS++JI jliij (4 

tlljSjJ ^spl ^ y,sp2 ^ 


I (JjA J X (_JS++I (_5lc- I— a_j+ii 


Ml 
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p,^,=2imKglm^ 
=70xl0Va 
0,^1=26x10^0 
a, =100x10'’Pa 

ysp\ 

V.,: =0.346 
a, =100xl0'’Pa 

ysp\ 

p^^,=2imKglm^ 


Kpi = 0.001m 


1.4.amil dllj (jSi ]ji ^‘1 a. ^11 (<-J^)^) jliijj 

lilAmill i i_^.aliJI (_5 jLmll j 


^sp 2 = 0.001m 


^spi - 0.05 m 
a^p 2 = 0.04 m 


^sp2 J ^spi ^ 


Isp^ =12 Kp^aJ =;, *0.001*0.05^ =1.04x10- 
=0.001*0.05 = 0.00005 




max,577l 


2 


0.05 


= 0.025 


J _ ^spl^spl _ 

spl ~ ^ ~ 


0.05* 0.00 P 


= 1.67x10 


-11 


^SP2 =12 tsp2Clsp2 =12 *0.001*0.04^ =5.3X10- 
4p2 = ^A2 = 0.001 * 0.04 = 0.00004 


a 


y 


mdi\,sp2 


sp2 ^ 0.04 
2 2 

311^ A 


= 0.02 


^ (6 


(7 


1 


1 3*2940.59 

a ,=-x0.8x-=-x0.8x - = 5.2MPa 

compress,on,spl ^ ^ q 5 X 10^^ 


63 


PDF created with FinePrint pdfFactory trial version http://www.fineprint.com 
















= 51512MPa 


1 




sp\ sp\ 


Euler,sp\ 


Kp ^sp\ 


7C" *70x10" *1.04x10' 
~0J[)5'*0.00005 

V 


cr,plate,sp\ 


12(l-v.„0 


^ spi 

a , 
V 




4*7c" *70x10" 

12 ( 1 - 0 . 346 ") 

11 


f 

^0.001^ 

r 

[0.05 J 


= 104 MPa 


,>/ , 26*10 *1 67*10 

= 41.6MPa 


msLX,sp 1 


^ spi 

3iy A 
64 R 


1.04*10' 


x0.8x 


A 


- + 


1^ A „ „ Jmax.ipl 


sp\ 


32 

1 


x0.8x 


3*294 0.59 

-x0.8x-+ 

64 0.05 0.00005 


^ sp I 

294*0.59 

32 


x0.8x =13 MPa 

1.04x10'^ 


WA 




ma\,sp2 


— x0.7x^^=^ 
8 Ep2 


294*0.59 

8 


x0.7x 


0.02 


= 51 MPa 


5.3 *10''" 

ia ' (8 


^ compression,spl cr,plate,spl 

^ compression,spl ^^cr,Q,spl 

a , <a 

max,spl 

^ ma\,sp2 ^ ^ y,sp2 

Jia <j| Ja^5U 
j.uJI t _ ' (9 

A + p,p2Ap2 A 

= 2700 * 5 * 10'^ * 0.59 + 2700 * 4 * 10'^ * 0.59 = 0.145 

jlikj ^ 4 " JIAI Jjo^l ^ US 4 ^>1 (a^^i a^p2 Kpi tsp2 ) l1=4' 4^ (10 

( CL^p2 J ^sn\ ^ LB,J^ dlliA^l jjol <5jS (JSI 


sp\ 


# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

r^^i(xl0'"m) 

1 

1 

1 

1 

1 

1 

.5 

.5 

.5 

.5 

.5 

.5 


La^^-aC-j ( V jl ( 4_illc, EulCf <-a^ jjl ‘ A-ajall oIa 

(jSlj tAi^^ AajLaill as^iIjlII ciijL£ Lais ( ^k^iLaojoiVi 7 - Euler ^Lt^i A-a^ dulS Lais 


^Jaljill aIjS (_^-1c- 


3sp2 3sp1 




^iLLaS i cJ*-^ 2 


JjjSjXjjSlt AjIS aIjS (Jsl ‘ ^Jaljlll l "\ \ ..'-v JL^^l 


Ajoiij 
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1 

1 

1 

.5 

.5 

.5 

1 

1 

1 

.5 

.5 

.5 


5 

5 

4 

5 

5 

4 

5 

5 

4 

5 

5 

4 

«.p2(xl0^^m) 

4 

3 

3 

4 

3 

3 

4 

3 

3 

4 

3 

3 

/,^,(xl0-‘’m^) 

10. 

10. 

5.3 

10. 

10. 

5.3 

5.2 

5.2 

2.7 

5.2 

5.2 

2.7 

A,^,(xl0-^m^) 

5 

5 

4 

5 

5 

4 

2.5 

2.5 

2 

2.5 

2.5 

2 

Jmax..pl(XlO^'m) 

2.5 

2.5 

2 

2.5 

2.5 

2 

2.1 

2.5 

2 

2.5 

2.5 

2 

/,^,(xl0-^^m^) 

17 

17 

13 

17 

17 

13 

5.3 

2.1 

1.7 

2.1 

2.1 

1.7 

/,^,(xl0-^m^) 

5.3 

2.2 

2.2 

2.6 

1.1 

1.1 

5.3 

2.2 

2.2 

2.7 

1.1 

1.2 

4p2(xl0^^m^) 

4 

3 

3 

2 

1.5 

1.5 

4 

3 

3 

2 

1.5 

1.5 

Jmax..p2(Xl0^'m) 

2 

1.5 

1.5 

2 

1.5 

1.5 

2 

1.5 

1.5 

2 

1.5 

1.5 

G ,(xl0^) 

compression,spl ^ ' 

2.6 

2.6 

3.2 

2.6 

2.6 

3.2 

5.2 

5.2 

6.5 

5.2 

5.2 

6.5 


5.7 

5.7 

3.7 

5.8 

5.7 

3.7 

5.8 

5.8 

3.7 

5.7 

5.8 

3.7 

C5c.,pta.,.pi(xl0'’Pa) 

104 

104 

163 

104 

104 

163 

26 

26 

41 

26 

26 

40 

C5c.,e,.pi(xl0'’Pa) 

41 

41 

65 

41 

41 

65 

10 

10 

16 

10 

10 

16 

C5max,spl(Xl0'’Pa) 

13 

13 

19 

13 

13 

19 

26 

26 

39 

26 

26 

39 

C5max,.p2(Xl0'’Pa) 

57 

101 

101 

113 

202 

202 

57 

101 

101 

114 

202 

202 

mass^piKg) 

.15 

.13 

.11 

.11 

.1 

.09 

.1 

.09 

.08 

.07 

.06 

.06 



V 

V 

V 

V 

V 


V 

V 

V 

V 

V 


4jijLuJ| jljij I_4 jijLuJI j (jl 


(J^ .IxJ ' g '“’ l._jj£jJ 


‘^spi = 0.05 m 
«.p 2 = 0.04 m 
mass^p =0.105.^r^ 

^‘1 a.^\l J ( iSJ^ j.uJI dlljLIal ir.' jjaII ajLa]l t _ ' (11 

^U^LuJI 

p,,,,^=2700/r^/m^ 

(^lt(U jL ^jmA liAj) —1 (jjSJ j'^j 
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bfr,sp = 0.05m 


t 


A.5WR 


J\ i cijljLL5U 

4 5 *294*0 05 
4.D zy4 u.uj ^0.0084 


nb, "a , 7C *0.005'*100*10' 

fr,sp y,fr,sp 

.5nini_5llTirri _II ^1) o^j!La]l L^^)aj SJ^JJ (j5.aj t4.atj.i 

(s^ji.a 

^ ^ I dll jUal <1 jS t ^ (12 

f^ass = p 7C (/?'-(/? - Z?/, )') 

= 2700 * 0.0084 *7C (o.05' - (0.05 - 0.005)' )= 0.034 

(j>j ^>J^I AjiiaLa 4.^LuiA (jj^ l} ‘. ‘ <3Liudujl j_5i]l dmii]l Zlluj (13 

jai jl^l 

1 


> ■ 


3W J{2Rf + {a/ 2f 


32 


R 


x0.8x 




3*294 V(2* 0.05)' +(0.59/2) 


y,wire 

1 


32 


0.05 


■x0.8x- 


1 


100 * 10 ' 


= 1.37x10' 


L^LtLa. J j3jla I4>1 J i 0.66mm (>» J^l a jiaS ^1 

, (djik) 

(_ 5 li ^LiaJI <—a5lc. 0.5mm II jlHd (14 

=0.5x10^' 

P..,.,„,=2700/^^/m' 

A VXll 1 _ 1J 

, ~ 2p , . AB t, 

sk,wing r skewing skewing 

= 2 * 2700 * 0.59 * 0.295 * 0.5 * 10^' = 0.47 

^ial j^l .2d. t ' (15 

A 0.59 


mass. 


— = —= 11.8-12 
0.05 


sp 


t^li .5mm —31 4^ 


U. =0.5*10-' 


p„^,=2700/r^/m' 
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a,„i + a 2 

= 12 * 2700 * 0.295 * + * 0.5 x 10“^ = 0.215 

2 

■ Jj'^' iJ IaUa^I a^p2 J ^spi 

(^jljUal L^ Laj) 5 LalS ^Li^l aJjS . 1 ^_jj (16 

=mass^p + mass + mass ,,,^ + mass 
= 0.105 + 0.034 + 0.215 + 0.47 = Q.^lAKg 



( 5 0 . 1 ^j (l)^Jj-aaJI (jljJall (. 5 ^ l4®*^ (. 5 ^ liA ).. 

J3j t ( 1)(_5.2j-a*JI (jljjJal] .ixj t"'' ^ ‘ J ‘ lil 


ia^ .a ijA 


, , (^A£. 4.XujL 1.4 lift >s' )r 1 > 1 ^ 

t^ab WV' JS^'j 



M, 

2 4 T 1 _ 


F^a 


A351*JIj ^_^Ja3U ( M y (. 5 ^ (.5^ ^ ‘ 

^max +^ max 


X 
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t_gajill J ‘ (5 a^j) (_g(Jllij'^l Mjj Tlmax J ^max 

L 'ax +'n ma^ J ‘ Tj a^jljllj Cp^. ^ 


llr 


^max ci*-^ f <1 ’•>'' Pc- ajill jjl 

aJjIxaIIj ^_^JaxJ C5^ ^ ‘J 


M,^tJ2 6M, 


max,? 17,3 , , 2 

nbt, bt, 


<^max,r <^ y,t 


l^\ i diLaai^l ajLft] ^!yLuilujVI (jc- liA V (jl 

<^\^| <SjIxa]I i ^=l^LuJI cij!)l!i]l cijV>^ljt-A]l (jt 




+II 7 


ll: 


A/?? = 


a 

Z? 


(J‘ (, 5 -^ ‘ jIjLuII (j-a LiPi C) ‘. t"'' ^ ‘ ^ A,atu (jl ^1 

. jL^I Jj 

^!^ljtJI _'..1^11 "''a^Luus j 


^ ma.P-'lmQ 


S, = axb ^LuiJI dn 


a 


a, b ^jLuii. AR r — — j S ^ = axb (j-aj 

b 


a = \ AR t S, 


b = a = 


AR, 
mass^ = p, X 5^ 


^ ^1 Lai 


(jljjial] (jjjjJ j^\ a_jiaaJI (jx ^ ( U t ' (l 


j ^ ( AR t ^'-a^ iiljt 5 a,!^_j]l 
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Mach = 


c = 


u 


speed of ai r 


2k AR, 


2 + ^4+A/?, (l + Mach^) 

t> (2 


■ / ^ i ^ A t_jj£jj t ® ^ j ® ^ j ^ ^ 


Q=2^U^ 

s.= 


nQC,a,r 


a = A AR t S, 


b = 


AR, 


Sr,' 1.^1 0 ^jjAI p^ Silii^l J O ^ J (3 

Ja^)2l]| tj AxttM (Jal ^^ja.jlilijJ 


t,> 


. Am.. +T1i 
4a 


y^t 


11: 


masSf t-iuaaJ (4 


mass^ = p, X 5, X 


4Jli« 


IjjlLal ^ Aaaj-^ ^ -■' ‘ '-^' 

U S,-aA (.jjjSj (1 

U=75mls 

Ailji 5 aA^^1 (jljAal] ri":" ^a_jiatiJI ^ 

~AR 

~AR=2 

U 75 

Mach= = — = 0.219 

speed of air 343 
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c = 


271 AR, 


271*2 


2 + ^4+2"(l + 0.219") 


= 2.58 


2 + ^4+AR^ (l + Mach^) 

t> (2 

"n max -5 ^ max -5 ^r 

F, =58.8AA 

^max =0.1 raJ 
^max =0.1raJ 

p f.] <.4^ LjjjSj j 

p =1.16 

Q=[ pt/2^ *1.16*75" =3262.5 
F, 58.8 


^ r\QC,^, 0.1*3262.5*2.58 


0.0697 


a 


= ^AR,S, =V2* 0.0697 =0.3735 


,= 1^=0.1867 


Igj ‘ {*jj'.-'" Cli5lj di^jj <jl (3 

a ^^=100x10'’ 
p,=2700 

0.5min 1mm 2mm \J 


6 > 


> 




4a 


y,‘ 




3*2*58.8 O.l + O.l 


-X 


^4*100*10" 0.1 

>0.00133 

(_5it 2mm dll j a.li^^ ^ja. ^jl Ja^5lj 

6 = 0.002 

masSj (4 

mass^ = p, X 5; X 7^ = 2700 * 0.0697 * 0.002 = 0.376 
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r' ‘ >»r.V \ 


mass, , f ■ , 

St ,sk,jr,wmg ,t 


^^^^st,sk,fr,wmg,t 


«• 

st,skjr,wing,t 

J J dlljUa*^!j (d^iliJIj 

= mass + mass + mass^^^^ + mass^ 


AiLuJI aIl^iU l^Lui^ Ljjjl j] 

= mass^j^^ + mass + mass^-^^ + mass, 

0.64 + 0.036 + 0.824 + 0.376 = 1.9 

,a.l^ t^s^J ‘ 1.9 K§ aIj^I 
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^ 4ji^l J.4 

( JalaH ) compensator Sjb (>» liiS-nj 

La ^1 (_J^I (j>j ( j ^ jLuii]| i_>jjl^ _)W^ l)^) _)W^ diLii-a jLili.1 j 

<^j!i]| ^1 j'V I^jjL^IIujI A£.jjm ajLjj l^jjjl^)ilujl sjljj ‘- '“''i^; ^jjL^I l&^) 

, i_g 1 - 4 a L ^1 jji L)J ‘ 

t Matlab (j* *- liA (JjU^lij ‘. '’■vTu.i (_jIj^| I La ^ j 

2 1 

. 0-alj^)JI I La J ^ 

^(Jaj <ji3l j (JliLa (_5-lc- L)‘'' J 

. j-oll ^jjL^I Laj) (.5^ Ajtal^l 


III 1 JliLa 

' a'L La <iiS ((jiaii. jl) Igl-ag a ( a^^ju-taM AjiSlj (. 5 ^ J 

Jj l 3^ ''■'a:}^ (_3J^)ia L)^ ^ ^j^-S .''i La 

. (1) (_JS^I ^)iajl ( <Jt3l ^1 


V 



(DJ^i 


La.2jc.ji(Aji3l^l iaujj) ^a.^ ^liujl (_^ic. <lj^l Ll_J^ c3^ U.3^ LaAic. 

‘ ( lOcm ^ '-v L)j^ ( 4V ^itiLa) ^ l* •“ j^ ^'-'a^ ^ l3^ uj^ 


ABCDEFG abcdef g -LiJl ^.ikiau Matlab j^\j\ 5jLS Sic. Jj-aall liA ^ * 

* • ^ ^ . * **2 
IIa (jc- L^IjS 0^1^^ \hl i 4c^ 1 1,^ ^^^JaxLxul ^lc> 4 ^Ic, 

djlsLuia .^1 ^iaJl t IVI^-tl^-b _S djlinJaijj C5^ iS ljIjSII IjlA CS^ 
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(jjSj ( -4V ^4iLa) A n» a <JLuj .lie l 3^ U_J^ LuAic j 

. ( lOcm 


LIaS ^ (jlS LjajI ^l) jjlS Y l 3 ^ J u^' 

4V IajI^ (step)sjiai. (jlj^l i (2)lJS^I LaS ^J\) 4V (_5Jj sLaJ l3j^ 

( 



LuS dijlS i ((j-a3^l ^ lijI <jLaILujl 4ij^)ia (jl Ja^!4j 

(3)lJ^I 
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u' ( tp J L>«j (.5-^^j) (-64 s) (jJS-A (>»j Cljxiujl Ij\ 

j 'll J dlsijjl ^ (J 3 I jIjLuj 'll ^ t (yP) (17.3 cm) (_$ J 

^lijj'^l) dijlj ^liijjl (jx dijjoil (jl ( (JSI jl.lLaj a^ya (_JS (j^ tl.lSA 

(y.») djj^l ^ i(ts) (7.6 s) (^Ij^ :ixj (10 cm) ((y^)(^L^I 

■ Cy^j ^ 


) (^ ) •>"'‘ I ^)^SUI (_Jj_jia (j-a_) ^6^3^ ‘''i ^dllLk^l_^l ^3 ‘'' “'" ^biSl^l 

J3 Lm ( 4-aa]l (3 j 3 ) l^Mij a J^(_y_^ ) (jjS yp j <ai 3 Ljaji i ( a JJ^ tS tp 

.(<ji3l^l AjtSl^l ^Ijj ^IaLu^I 4_J±ijij) ^jill J^^l .lie. <*.31^1 (_^j 

(Jllftll ^L^) 

, <xk]l (jjS ^'133 J ^jL^Iluj'^l <jiJ^)jjj aJj^l <3VI (jij 
^)-v"u,iVI ^jJa^ ( 4 ) 3 ^J ‘ ^ M- _jA J t La i,s^ Jl^-y-^ lilLlAj 

4JI& (jl (_JS.ii]l (j-a ^Liluaj ( (yiiLa ell'll a3j«J) jj, _1 e3j«J ajlrs 

, ^ ) -v"!. .iVI A£.^yx a3 ^j <.a3]l (j^jS a3^ 0.5-0.7 (j-a jj, j i Aju^yx A ) ■v'l. ..I 



(j-A l** \ a 

(mu) 


1 

Jiflij 1^ 2 
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IJA j <3!)UI (j>j -Ijijj J (j.<ai^l (j-a tilLlA (jlS lijLuo \ g Ifr ' i-aK"! <*31 ^1 

, j'lO/'H 0^1 ^1 ^Uaj 


L>“^ J^J ^liaj]l liAJ t a^l.l]| ^Llaj ^Llaj lilLlA j 

ajLujI (.5^) ^ ‘ (AxSI^I ^lijj'^l) aJ^I AjL^HujI jl^yilujlj 

( (UL^I ^ojolLu]!) ojLuol (j-a ( AjaiLa Aji^lj o^jj^ aJ^I (ojlfr 

. aJ^I A^Lill ajLi'^l (J^JJ ^ t ((J,3 xa]|) A^Lj^)^ Sjb A^lill ajLuj'^l (J^JG ^ 



i -v j-,a.^'i ) JI^\ 


(5)l1^I 


^a’lao’i aj'ijl'i *U^ 


Aj^) ^ AilLAi! SjU( ^Uaj III 2 Jlia 

^ 1 >1^/1 ^jAj 



(6)lS^I 


aGIj^)^^ 1 jaiall o^Lall 1 
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(. 5 ^ (y) ^lijjl (jjj^ L>“^ ' I* >>i j 

(3j 3 <j-« ^‘ ^\jl\ (Jjoi JJJ i jjlLa]! (3 j 3 (jA ^jLji 

^ ^Lill l 3^ ci^-^ ^ ‘ ^.JJ* 


. I jSa j . ^ lijI (_)jol^l 

(_yi^ i_$\) 4V IAjI-ILs a(_313 la]I ^LIaj]l 1.1^ Lilujjl LijI (j^l 

^ ^ ‘ ^j>a]l <jL^Jjjj'^I Lj-lifr jjLull 1 (JliLa sLLa^ijjjjl 

(7 )l 1^I 



. CIJ 3 yp j! J i dJa tp ts J 

dlLLk^lJ-a (jl ‘ 4-a^l (jjS <-a^ dJij i ^Laduo'^l ^dljl j ^1 
^^ 4■v'l..iVI dilLk^l^‘^ 4qU.a\l s^l^l ^liaj 


<3^1 4 4 ■v'l. ,il ^ joj^ (19^ u^ ^ l9^ _)W^ l)-^*^ j 3 <jial j) (J^ 

!4iLa) <3VI ^ (_5^ jLdc.'^lj ^Lilc. (J‘ J ( (jl‘ 

di'^^ L_aj^>*-^ UJ^ ^ jjLk^l lJj'^3 4 ^3 tM^J (J,axA3l ^jlLull 

. (ol j[Lu1a 3I (_)jol^l (.Jl-a) al Jjdui3l 


.Oj^lxjLa ^-li-aJ ^ (_Jj i djlij-al^^ ^-a-a (j] ^j^ 1 
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' ‘ j ( ^ ■’' ?•'' ‘ ''*^' 1"a 1 ^ ^ 1-11 III 

. 2 i' ■v'l. .iVI t.'''Ut^ (jjjjiij] CljLaj!)UI (AalsL-all ojl^l ^^AMj-tso) j (J^xaII 

. (Matlab) I^jajL^. JjjaJi]l diLjl jjal ^ JaIxjI] ^^)]a j 

ail ^1 jjil III ^jULail 3jl^l ^Uai ||| 3 

^lj]| (jljjsl (jlS aLLuJI axsI^I 


Matlab Jj J*** 
Jjjsa]! (jljJSl iin. 1.1 (_gA n_G 

d_G = [1 1 25] ; 

CLl^IaIxa d_G 

G = tf( n_G . d_G) 

jljjal ^Lill ^ 2%3 i (Jjjaail u'jmsI iji transfer function ) tf ja^I 

^IaII Jjj^I 

Transfer function: 

62.5 

s"2 + s + 25 




G(s) = 


62.5 


+ 5 + 25 


n_G = [62.5]; 


(xl 51ja) d 'iA"u,il ' 1 'i^ At (_Jj Li] ^jLa 


G = tf( xl ‘ d_G) (_5^‘ Aijiij jAj]l ^I.''A"umI (_gJj sLiii'i/l 

y Aa.j!ii]l (jlj matlab _Jl ^)aI jI .1«j (J) AlajilAll AL^lill ^-daJ .lie ! Ala^5LA 

Aa-nill ^)^Jaj3 (‘) AjjIji]I AL^lill IaI ( (aj3^a]|) a^)Sli]l ^ j a2iLmi]I 


.ajSI]l]l uj^J 


‘ 4V La jl.iLa (step) s a 4 ■^"1 . ..v i j 




step( 4 * G ) 

ste ^4 * G) 


(^Li]l (dSti]!) a ^yt)! A 4 ■v'l. ,iV I Aaajj ^)^Jaj3 


.1^1 ^ 1 
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AmpH M 





La jlLaj j ajliJI jj L.i . >11 |^pttp‘ts) dlLii^l J>a]l ^^>x-a]^ !(= 


!;;l!La (IO)lJ^ (_s^ ( (9)lJ^) 



na eat tb* wmm 


:Q B a \ A ^ y . Hi- p- r 

itHjRtbpatM 


US3l 






(10)l1^I 


(9)l1^I 


((ll)(_JS^l) ja^l (.5^ (J‘'' ( (^l3j_^l)jjlj^l (jjS ^yji^\ ajlill Li .>11 ^ 



(iDJ^i 
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[wn«mu] = damp(G) 


M^)I 4 jL^U**** 


wn = 


5 

5 




|i (^i*j mu 


mu 


0.1000 

0.1000 


I jtlij lAdic. i |X W 


(4lJ^^ ) ‘ (J‘ ^ (JSI 


•• • 



( 12 )l 1 ^I 


jJ^li Matlab ^Ja ^'jj 41 ^ G_close Sjlall dt^ 

G_close = feedba^k( Gl*G^G3*... ‘ H1*H2*H3*^..) 

G_close = feedback( minreal( G1*G2*G3*... ) ‘ ( minreal( H1*H2*H3*...) ) 

^ILallj k. , II 31 <gjL2iLa]l <jk2aj 

^.iC. Ijl^lj t jl Jjjaj jjsI 'Ga.uja jl .lie <.al.laJ.ujl (_J.Jaajji 

, <jLaauj'^I ^-oi^ (_)SL2ua ‘ _ '.’“'J <jal.lallujl 


minreal j-S/l j 


G(s) = 


62.5 
+ s + 25 


o(j 2 S( III 4 iiLa]( SJ^( ^Uaj III 4 Jli» 

(jlS <ji3l^ (Jj_jaj]l J jjsI Lila 
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G, (5) = 33.55 


H(s) = 


5 + 9.7 
5 + 41.2 

7860 


5 " +1205 + 22500 


( 2(Jlj-a sLi.a5ij.ujl (J^xaU Lai 


jLg.^ Lai 


_j ^jij ( 4j3lSua]l sjIjII jL^I LJjI _jl3 

(3 JLLa ^ aijj]a]lj)| Matlab Jl G Gc H JU 5 J 


n_G = [ 

62.5]; 


d_G = [ 

1 

1 

25] ; 

G = tf ( 

n_G 

d_G ) 

n_Gc = 

33.55* [1 

9.7] ; 

d_Gc = 

[1 

41 . 

2] ; 

Gc = t f 

( n_Gc 

< d_Gc ) 

n_H = [ 

7860]; 


d_H = [ 

1 

120 

22500]; 

H = tf ( 

n_H 

d_H ) 


(JliLall 15 A (_ij 3 j^Muall 4 ij^)ia]lj) s^l^l (^lj]l (J^.'''l| j>a]l) s^ljll 


>-^ 1—H 


H 


( 13 )l 1 ^I 

G_close = feedback( Gc*G . H ) 


La (_J^ ( 4V LkjljLa tjL.5. ( (l3)Ll^bu t_gl)(_ 3 laiua]l ^1 L'il| ^l.v'i..i| lj5^l l^j L^ 

!( 3 lJ^ Ly+* LaS)j_5lt G_closc ^ialSuall sjl^l] ^Liluj'^l sLa _jA LI1I& 

step(G_close * 4) 


t L«ua (jiiuall j ^ jjiAll d L'lll j^jLilujI jaujjj lj5jl Ijj Lai 


step (4 * G J 4 * G_close) 

(4*Gc) j> >i-sS /ljt (^jjiAll ^Uai]l) (4*G) J>41 ‘ jg hj»i Liu 

((_3liiua]l d L'4l) 
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\ / 

step(4 * G , 4 * G_close) 


F«« e^i Jcdt wr«»:<M He« 

DitfUd / ii^ 


r 

< 


() 

I '- 

II 


'j .. 1 ; I 

T ' ' ' 


I ‘ 


^ 1 , 


Stsp Rmpomsp 



V 


Tim* (IK» 




( 14 )l 1 ^I 


3 Jlla sljl*i Lu jjli ^yp‘tp‘ts) djlL^I jA\ 


■ ‘1^ I i ( 


\^close ^n,close 


)J> 


^3kJi |I 


3 Jlla ^jiij (G_close) 

[wn_close . mu_close] = damp(G_close) 


un close 


2 %^ 


20.0090 

20.0090 

20.7101 

148.5804 

148.5804 


mu close 


0.4499 

0.4499 

1.0000 

0.4155 

0.4155 

Lj^>da Ja' LfrJ mu_close wn_close ia^ jtrkj i 3 JHa Li^a LuSj 


Matlab 
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wn_close 


mu_close 


1 




9.0029 
9.0029 
20.7101 
61.7421 
61.7421 


wn_close = 20.0090 (~20) 
mu_close = 0.4499 (-.45) 


close ^n,close 


U^j 




close 


JpSI lilliA (jl I ^jlaLu dljlS I jj! <ia^5La 

' ’■"<2 ’ ^n,close 


W. 


n,close 


— 20 ^ dylS J 




-ijjj ILLuj filila Ltt liAj t ( ji =0.1 


J A£.^yji .5-.7 (3^ (jl J ‘Kc-^yji 


l^Cose = 0-45 


& 


w = 5 4 j dljlS 


ajl.1 ^Llaj <3VI (JJ^LLu (J.i*..a J ^sLjal (jl LjajI Ja^5lj j 

g"') dllLk^l jM (4q\ae.a 




jl.uJJ (_Jj_j^Ii]| ci*.^ i_$\ t. 1^1 J i_$ jl.*jJJ U 4 *^ ci*-?’ J^J 

dlLjl jjsI <jjlLj ^ .l&Lujj <jLa*JI I^A j i .l^l j jLujJ Sic. .1^1 J 

La^) ^La.t.M^I (. 5 ^ 


* ^ ^ J .* ^ 4J J^] : -Lml 1 

(14)J^I J^\2 

(_Jji <.^lj.ji.a (JiLo I. ^ “' 0 4j^l t" il Q. ^1J /. (jjjotaJj] 3 

t**il Q. ^1 ^ j\ t**nl^ t**ila. ^1 ^ j\ ^ .HI .13 4.Aix.Q t**il a. ^1 ^‘ 

(^lliLa t"ila. .. 

L>a ^7lj4 
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G (jlMatlab_il j-alj 

G_unity = G/ degain(G) 

. jjjSill ^j-a (jl jiial jA G_unity 

i-jLuiaJ ^.’iVumj Hiatlab ja] ja dcgain 


^Uib ^Uij 

A JAij (1 

A 4 ■v''u,iVI jjjjjiij] \ g mg I <3^1 (_^ic. (_Jj.2»j 3I (JjLaj (2 
. <J j t (._ Um' ixtil jl ^^ ’ (3 

^ 4 ■v'liiiVI 1 -'1 a 1 J^ ‘(_1'^».a13 2.'^'^“'" (4 

j| j-all (_5ic. bLaJ&l u ^ (J-IxaU (5 

‘. (3^ (—' * il-» jAj) s^yLall 

umI 1^31 jpiii3 (Jj_j^j3I 3^ (6 


ejiiiij sjiiii jj jd 'ij, 

Ij-a^ 3j^^b3l 3^ ii3ljA 

3j ‘ ^ ^ J i a31j^)^ sjIj 3*- “jb*" j^ j '• >11a33 

3 I i_jc^ J 3 <ji3l^l (JliLa 3)l3La i4iJa-a3l ojl^l JJjSj •^. 1 ^ 4 jijia jj t <jL^3jo'^I 

^Uaj3l dljlS LaS) 4V c3y^ lOcm ^lijjl ^Uaj3l ^ AjlSI^I (_ 5 - 3 a*J 

. A 'n».a ^ ■■'ja; ^>jS-a jj 33 Jl lA-lic t (^ jjLa3l 

Jl!i3l£ AjjbJ 


, ^ ji-all jijjaU (jl Ja1 

5 O^j ^_^Ja*-a <^^^1 jjlj^l 2 

(j^ (jjall (jl^ (jl 1 t 0 jl^ ^.1^1 (jljasl ^.>'l■>-11 ^Lq^VI 6^i&l JjJaajj 3 

O.Lnjob (j^ljaSVl 

a 1^ Aj^li (j^t l^iIov^IjaH (j3>i» \ (jljaiaJil <1V1 cJ^ (_^lt 4^jjLall ojl^ ^l.liJlujl (j^-oJ ^1*11 4 

4 al» _flH 0 ^ 1 ^ <1 4jaja-vll o^Lill Lai i 
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R; 



G,(s) = Kj 




(jljoSl <1 


K = 

' R, R, 


jolall (j& j_5l) J ^)j£-a]l jolall 0-aJ ' ' ■■'J LuS 


. j (J.1 xa]I lJj-^ 


(_J1^ <j^i( Li^jj-aj (_313 La]I ^Uajl])(j. 







( 16 )lJ^I 



Kf 

X +1 


(_Jj_j^j]| (jljjsl <1 
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R. R. 


Xf=R^C j 


M '"'■2 

/?3 /?j 


j;uSi]l (* G_cl 0 sc t3^aoa3l <jIjSj (J. 1 xa]I -lat-J 

(jjx-a L*^ i jpiil] 

Kf ~ 

^ 3 A^i >Uai;i j:^ * J^jaIi dcgain(G_close) * wAJa -1 

(_Jj_j^Ii]| (jljpsi <1 jola ^Aijjjijt jala (jjJ (_3iiA]l ^Uaii] 5 4 ■v'l. ,iV I jjc. (jj.Jalj LiS (jj 

g,(s)=a:, 

(jl jjial (jj^j ‘X I’ _i j‘ jola j ^Ujk]l ( 3 j^ dulS (jj Lai 

^ ^ Kf 

G,(s)= ' 


X +1 


X f _ i .'IJ* I 4-ak]l (_J^ ^ (jlii jolLall (_313 La]I (jljJiiU ^ il -v"!. .iVI "'J 

. a.!^ ^jL^LujI (jl l-i^ Ji 

G_cf jllGII (_ 3 ljL*ii JjjajII Q\ jjfll 1 ^ 

G cf = G close*Gf 


J.^ 3 LA^I 

. (jJ*^ ^Uaj] ^ il -v"!. .'VI dllLk^l jA a jIj (jc. a jA j 

(JjjL-a i^uiA (J.it-a ( (J.it-a ( i^^aua {_}.1xa ', 2»a\\ ^ja ®J:^La ^1 _jjl tilLiA j 


1 /\L 1 1 VK\t ^4 a\^ /\\i S^l^l ^Lnj) L.lx^l ^‘ ^'‘' ^ULJ ^‘ 

,<liLaVi djV l" il 

(jc- o^^iLaj] i^A 1 ‘^-a t (^j-o Vj cJ^ J ^LaauI 2 

, ^aii-ft]! 6 ^1 ^1 AjuJaj ^ jJI 
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jA a} jjal t (amplifier) CP SjIjc. jaj 

GXs) = KK 

Cj^) ( 15 ) L?^ ^ ’J.''"" L)^ C 5 ^ <jjlj j i JJjSjII KK 


[KK = ^^ 

/?3 

i( mu_close wn_close Cjp^ ls^) cjlL^I ja 

(JliLaJ A a\ a, ^^).uiluj J 


rootlocus^ III jil j^ Jj*-9 ^SOA^ III SJlia 

<ijLuj]l ^ ) -v"!. .iV I ClllaA^I j>a (jj-ui^ (jx i -■' ■ (Jj' ^ ■ ■' 

Jjj^l (jljJSl 

62.5 


+ s + 25 


aLLa.lij.uol (_)jol^l _)Lg.^ ^l.lijuol ^a 


, 7860 

i7(5) = --y- — — 

5^1205 + 22500 


4cJliLa (_gi lALlaLu (_jj]l “LL^jiallj Matlab (_ 5 lj (j^Lujll Jjj^j]! cJLijI (_jA 

rltool Matlab J fJ 

J 14 ]l 



( 17 )l 1 ^I 
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Import Model file 



( 18 )l 1 ^I 

^ -■'^l ^ G (_5lc- ‘ j i (jl jjil jA (jjSJ G jljij ^ 

(Jjoijj jLg-^ (jljjsl jA (jjSJ H jljij ^ t (^l!i]l (JS^I ^ LaS) P_1 

. AIjLuJI 



( 19 )l 1 ^I 


jai ^ cU 



( 20 )l 1 ^I 


^Ij]| (_JS^I ( OK ‘ ^ 
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(. 5 ^^ " C 1 iI«j^)a]I 

liA j i J^jjoiA (_3i3LA]l ^Uaill (jl ‘ CIiIjIa^I (ly^ LS^ Ia.1^1 Jj3 • 

La 

^)j£>a]l (J,2 *.a1] jjjSjII lilliS j i A qU a * jiX l^lS>a j • 

La^) ' J ' (.5^ LujLujI ^4ij^^J * 

(lsj^ 

* 2 ^ 

(j-a (jj*J^)A]l ILl i dlljL^I J_J^-a Lla^ (_ 5 ^l C1 iIjij^)a]Ij 


!iLLa JS2i]l ^ cU. 


Zoom: 




|X W^ l:ic.L^ jyi ^jA Uij^j i M-ctoe ^n,close 1 

f-l^-a-v\l 4_iic,j t mu^wn (Jsl oljjt-a 2 
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To<* windCM 


• Ol5i\ 


Conocn»q f p< 

C-9*' 


jsgcipii^ 




|r (»» 


r* ?'«P T~ f” !>«4e r* Hw^ii ^ M«K* I 


Re«^ 


( 22 )l 1 ^I 

(_JLuj 1 (j-a lAAiplj ^ ^' (_ 3 laLA]l ^Uajl] jJ- ^^>*- 4 ] 


F<e Took w»jc~ hhd 


ia^ t."'* j) (_J£^I 

-jai>y 


C««6rl CO'r«wrH4t0f 

Ca5 




1 l.:f^!^,gr 


/ 


■V 


I. 

d-1 ij 

W] 

Z«m ^ 

- k 


E 


r Si«B (“ Impi*# iott r Mt<»jii r rkw, 


biaa !>• i«twmi)<lM«^4(MS Mb Mi ilgngVwlKi 
0??7« j 3^ C’arCTic 0C3SB. UatealFi 




( 23 )l 1 ^I 

4 j^ jt!. (jl ( jt!. — 0.0356 = 9.36 (.5^ ' ''‘ du 


^LaHuol 4.AXUJ Li] ^)^JaLi3 ( 0jA^d] 1^ (. 5 ^ Lj* ‘ ^jiailuii .iSLil]) 

(lia iLjLaj.uj'i] I (jl iaa]iLij t a jiaiJI (_3liA]l 
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j (dfclg) Alaijjl_jj |J, A.a^ (JjLaAijj (j^l 

KK jj;^"'" A.4^ ( I^AaIsj A^LLu j^ C5^ ' ‘ Ijj ^ ‘ 

. jLkiJ) ijle-l ^ S^j^jaI) 


Gain: 




jai ^ I LiS^)^ ^iliLa 



( 24 )l 1 ^I 


c \i = 0.07 ‘ KK = 0.2745 w„ = 6.94 ^ 41^ 

ICIC = ^ ^ ^ 1.11 (_ 9 ^^ ^d.lx.A]l ^1 lj]i] <1 ^.’' dul^ 

tl.1^ aIluj Aa^ jj, = 0.07 L-Luj 5U (j^ i LiA (_5^l (^-»jAtAi\l) (jl^J t 0.2745 

( Step ^ U. ,il ^ J j1-iA\I ^ i' ■v'l. ,iVI dilii (jj j) 

i Al^jjia ( w„ j) |J, l)( jlS-a JJjju l) jLaj J o^)^l JJJU (jjj 

, (Jj^Huus 1.^ ^1 ia^^Lluj 

‘ (j-a Aj lj] i La t"'' a ■ ^ ^ ^)j£-a]l (J.1 *.a]I (jl ^jUmj (jjj 

*. ji.] ^ jj (jA J.l*-a 

jlidi 


■ u] < 2 iLiJaVlj 1 
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( ajljjj As-^yji (jj.ui^ i_^\ i Ui lU |J. W^ 

. <Ak]l (_3 _j 3 ;jj ‘ '''^‘' 

; <jjI jj 



_jA <1 (_]j_j^j]l 


S + 


GA^) = K 


s + 


yr 


, 0<Y<1 


7’=«,c, , r=^ . K = '^'^' 


Jt,C, 


R^Ci 


^jiLull (_)Jol^l J (jl jjil (1 

jbX _1 ^Uail] 2 i' ■v'l. .iVI Is-ljj (2 

Cljyjlji>a]l (jx (J-IxaI] ^V|/ ' (3 

So=w,[-[L + i^ll-[i^] 

\|/ =± 7 c( 2 n + l)-<(G( 5 o)//( 5 o))^ 

\|/ 1 jM ^jl_) (Jsl (0‘ 1 ‘2‘...) ‘ ^ n 


^1 ^Aj 1 
iaaij ^ 

radian U jjil j.Lk^ U^i 3 
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(jl ^n ^(2) (j-a i K 13 (j-a V|/ dijlS Ijj (4 

. 71/3 lJs' y ^ J* 

^jIjla]I (j>j - (_Lmij 9 — _1 4.AJ3 (_1 (5 

yr ■ T - ■ ■ 


w„Vl-|l' 


yr 


tan 


tan' 


V 


Mv/Wt^ 

-^W„ + 


1 


\ 


-¥ 


+ |IW„ 


(j>j Kc ‘' (6 


/<:„ = 


5o + 


1 

yr 


5o + 


1 


X 


gU)«U) 


s + 


(J.2».-ai] (jljJSl ^ ^ (7 

1 


Gr 5 ) = /r, 


s + 


yr 


^LaJlujyi (j& i_>^^ uj 2<ia4j (j-a .1 ^j t jn-^ijt G_ClOSe t-. Ti^i (8 

Jajj (3f^ ) ! jjIaII (9 

(jjx-a (_ii.A<a] ^^jUa-all ^ ■■'jal t jjlil] jJjSii]! ^La^ 

. ' ^ ‘ V *> /»* 1 ^ j *^ ^ ■' ‘ .'3 ^ ^ ^ 


K,= 


dcgain(G_close) * 


liS jli 

( 5 ) = 

(jjSjj iX ^ _3 J‘ 3-. ^ j;i33 J ^Lak3l dlilS (jj Lai 

JtJ u' J^a' 


. . . ^1 

^.IJa^l (_yaxj cJ:iisLj (Ih® ‘ ^ ^ - -1 o-lstl oIa JjJaSj 1 

, o^LijjV^ <Jtjl!lo 
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Gris) = 


K, 


X ^ 5 + 1 


X ^ _1 ."ij* I cJ^ (jlii ^plLull (_3isLA]l 2 i' ■v''u.iVI _jf'^"'j 

. (_Ja^ (jl 1.1^jt 

G_cf jlUxtil (_ 3 li.Al] 

G cf = G close*Gf 


III 6 Jl^ 

. ajl^l ^Llad] (3f*^ ^Ljalj lilljj <Jt3l^)l] dlli^^l ja 

4^Lui]I 1 ‘_ 

^ j!i<a]| J ^biSl ^)1] (_]j_j^Ii]l dlljl jjsl (1 

, 62.5 

G(s) = —^ -— 

5^ + 5 + 25 


H(s) = 


7860 


5 " +1205 + 22500 


IaLLuLu ^jialLj Matlab (_ 5 lj 

n_G = 2.5*5^2; 

d_G =[12*.1*5 5^2]; 

G = tf(n_G.d_G) 

n_H = [7860]; 

d_H = [1 2* . 4*150 150^2]; 

H = tf(n_H<d_H) 

Matlab Jj [I W„ _1 ^ (2 

wn = 20; 
mu = .6; 

SjjA^I Matlab ^ 5 ^ cj'^jU-all cj^ t psi’ sO (3 


sO = wn* (-mu+i*sqrt (l-mu'^2) ) ; 

GHsO=polyval(n_G.sO)*polyval(n_HisO)/(polyval(d_G.sO)*polyval(d_H.sO)); 

psi = pi-angle(GHsO) 


t X .lie F (?) 


(jl <ai 3 ^.^Vumj polyval(F‘x) 

.La ^ -■'jal 1 'L ,1^ 1 ^.liSijaj ailglC J 


¥ J 1 
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2 ) <Jakj . 1 ^ (jjj iTZ 12) (j-a (_ 5 ^ 1.3812 psi <a}3 J (4 

;Lui] ( 


(s^m (3+2 

wn = 20; 
mu = .45; 

sO = wn*(-mu+i*sqrt(l-mu^2)); 

GHsO=polyval(n_G.sO)*polyval(n_H.sO)/(polyval(d_G.sO)*polyval(d_H.sO)); 

psi = pi-angle(GHsO) 

7C /3 (>a Jal 1.0253 1+1^4 psi ^ujja 
’ gT_inv j T_inv —3 (5 

T_inv = 9.7; 

gT_inv = wn*mu + wn*sqrt (1-mu2 ) / tan (atan (wn*sqrt {1-mu2 ) / (-wn*mu+T_inv) ) -psi) 

gT_inv = 41.2 tagli3l 


KC (6 

Kc = abs((sO+gT_inv )/(sO+T_inv))/abs(GHsO) 

Kc = 33.53 


(J.l*-al3 (_ 5 lc- i gT_inv T_inv Kc (7 

Gc = tf(Kc*[1 T_inv] < [1 gT_inv]) 

Transfer function: 

33.55 s + 325.6 


s + 41.22 

4(_]lta ».xJ3 ^LxujLLuIIjj 

9 + 97 

G 15) = 33.55 

5 + 41.2 

(j^j uj^ G_close ^UajU J 5 ^jj i (8 


(+jL^iijj'^l (J& <jjlLa3l “’"'3 Jj ■5*j (j^) ^ Jj4a3l 


G_close = feedback(G*Gc.H); 

G_close_unity = G_close/dcgain(G_close); 

G_unity = G/dcgain(G); ^ 

0 2 1' ■v'l. .iV I ^».uo^ j 

step(G_unity. G_close_unity) 


1 

IT 



4 -V (^\ G 
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step Response 

1.6 - 1 

m 



3 P 

*5. 1 

£ 

< 

1 




Time (sec.) 

( 26 )l 1 ^I 


^ l^A-a (J^JaSl ( (j) ^Uaill <jLaIlujl (jl ia^!)U 

j J (_5-5j (J‘^' C) (Jj (j-a li] ^‘J■" <xk]l 

Lij£-a^i ^ i' -v"!. .iVI A£,^yM (j>j (jj^.*ia>9 <Ak]l (3_J^ UrJ-''**^ LjJjl j Ijl^ ^ 

, ^ y A 

(_J^.Xa dj& ( 10 LJ_jlIaA]l ^^>i^l)l0cni (jl AjiSl^l (j>j LjJjl ^ (9 


Kf jjiil] jjjS!i]| (jli i 4V l3^ 

G_close = feedback(G*Gc<H) ; ^ 

Kf = 10/(4*dcgain(G_close)) 

Jilill ^ J i Kf=l J 

matlab (_ 5 lj jiilili Jjj^l jljjal Ji.ajjt t_f=.12 cjj^ 

t_f = .12 

Gf = tf( Kf . [t_f 1] ) ; 

G_Cf J^iLall (_3ii.A]l d U'll (j^ (_jj ^J 

G_cf = G_close*Gf; 


3 Ia .1^ ^ J 

G_cf_unity = G_cf/degain(G_cf) 

jalLa]! (_ 3 laLA]l J (_ 3 iiA]l J ^ jjLallc a jiaiJI J 

step(G_unity. G_close_unity < G_cf_unity) 


tj. .' n i ^baji] <j3l£bl o^lbl G ClOSC C { 

, kjlatj.blU djI^Lo^Iji 0^ .IxJ 4 A<a\i 2 

, (_j£j^l La£ i <j^lLa]l 3 
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ja 

Step Response 



Time (sec.) 

( 27 )l 1 ^I 

. 2 y\ ■v'l. .iV I ^^JaJ ^Lak]l 4j£jjj>9 (_J^ (jl 


jijp 

jA <3 (j3j^3 


s + 


G(s) = 


s + 


pr 


p>i 


T = R,C, 


P 


R2C2 


^4^ _ 2 
^ 3^2 


(25) jj^ j3' 

UaiJlj ^ ‘ j - (j-a3^l a jjiu-a ^yi\ ojLuoj ^jijliLa ^ UaiJI AJllJajJ 

(JS^I LaS - liaiJI ! 
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( 28 )l 1 ^I 


0 jLuo'^l AjuliLa UaiJI (_J]3 4qU.a\l ojl^l (J.2 xa]I J j (jl Ja^!)U du 

(."uMji (jlS-a'yi *J:}^ (3 [3 ^ <3LaJI siA ^ UaiJI (J;^ t ^"'^j *—1^ t 

(jS-sj y ^ 

^ i' ■v''u,.VI 1 -4 a. ^ is^ LS^ ‘''' (jl (J.2 xa]I ^ '• ^ ■" 

^1.^1 UaiJI (JjIsj <j-9 Ja^ t( ^n <-^) 


(J,lx-a J j (jjJ (IAjjjSj .1^jj ■Ixjj^qU.ail 

■ >-> 

P jjij Aj-a J i ^.Aijo^l l<iLij ^ ijll-./'il UaiJI (Jjlij (2 

Iglic-Llk^ L)^ ^(jlS>a'^l ajji-A^) 1/X _1 jlilij (3 

(Lilac. 


^JUal Aj^ V U^ ^ Cj^ tlll-iA ^ 1 


<aii-all 0^1 aI] jkX CT^ 2 
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(jlj3l (_5-5 c- lJAIjLuJI (_>^_j*-j (4 

* (_J^| jf'^"'j i a JjuSj ^^ ^ 

Kf jjila]l ^ (5 

(jj (U-lJ^>^jilj) JajiLull jalii] t_f ^ (6 

. ia^ jlila J j ^ ^ 4jljli.1 j t (a 


7Jli« 


gW= 


4 

5 ^ + 2s 


2 


Jjjaall (jl jjSI L^ j Ijj^ (ji (jiajij] 


^lj]| (jl Jjsl ^ _)W ^J 

H(s) = 1 

V = ■ ^>^3^ l)-^*-^ UJ"^ Aili-ull ajl^l LjjJ Ijj 

: Ujli c ^ 10*t 
Matlab Jj G(s) H(s) 

n_G = 4 
d_G = [120] 

G = tf(n_G<d_G) 

j] U 4 d_G = [1 2 0] dllilj s^+2s + 0 J s^+ 2s ^1141 J 

5 + 2 jA ^IL4I (jl aldx-aj Uai. d_G = [1 2] 


H = tf(l.l)^_ 

(^J ‘ (G_close_l) Jd*-4 (jj5 4iii-4l ajjil] jljja'^l uu^; 


G_close_l = feedback(G<H) 



G_close_l_unity = G_close_l / degain(G_close_l) 

Matlab ^ t A^Ij 15 (_5-3j jL^ (j-a 3liLa j 1 ^ amj ajjill Alad 

1 

t = 0:.01:15 ; 


A^jJ .1*J jlijaVi ddaaj Lajb 1 
b.L' 1 ‘Id ‘f''\ n*u J 2 

‘^jlj ^ lOV ‘a-lalj 4_ijlj .Ixj ^ ‘ ^ tj]d Ajl^l (_^i3 4 l3^ (j^ iS^ 3 

IjSAj 20V ^,' 4 + 
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jAi j i (jl I ‘ 

V = 10*t ; 

: Isim jJi ^.^VuMi 

lsim( tf(l«l) < G_close_l_unity « V < t ) ^ 


B = 20 




Lif*« Srr«J)!ton RattAfi 


I 


Tmr |src | 



( 29 )l 1 ^I 


( ((J.lx-9 (jj-3 Aiii-al]) ^ j jA 

dll jl-'^ll i 1/20 ^ liaiJI cJl^ ^ (j'^l 

jdl] aljl»3 La (1 

(3 = 20 J\ 1/20 ^ ‘Ua^l Ojlaii (2 


1/pr si^jl/T -la-a^ jlL^ (3 

T_inv = .1 
BT_inv = T_inv/B 

Gc y I (4 

n_Gc = [1 T_inv] 
d_Gc = [1 BT_inv] 

Gc = tf(n_Gc.d_Gc) 

^1 ( (G_close_ 2)(J.2 xa]I j_jJ <ali^l ojl^ ^^l£>a]l (jl jj^^l y 

G_close_2 = feedback(G*Gc<H) 


G_close_2_unity = G_close_2 / degain(G_close_2) 




15 jt (*^0^1 ‘iilLlIj ** ba'i ^iLaball .01 J t ib^d^l *3^ ‘^l*^ 0 c j 

.t>j]| 

j}i\ tf(M) Lki2 


99 


PDF created with FinePrint pdfFactory trial version http://www.fineprint.com 













^ 4 ■v'l. ..VI ^ 

Isim(G_close_l_unity < G_close_2_unity <tf(lil) <V<t) 



^ I) I (j-a (^-a) I iaiJI LJjjSl ( (Js UaiJI (jl Ja^!)U 

a jiaiJI ^ 4 -y-i. ,iVI !)lLa ( ^ 2 4 ■v'l. ,.VI ^jl ^Ijj jj| 

step(G_close_l_unity.G_close_2_unity) 

^.Auo^l 


j,cis.VIj itilljllj i j> >it Vlj 4 j]l j-oiji 1 
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Step Response 




Amplitude 

I 

0 




Time (sec.) 

ODJ^i 


Kf ' j * IV Icm Ljjjl ^ !iiliLa jjlall ‘ ’ (5 

(_J^I jf''^"' ^ i JJjSjI] 1 jLuoJ dul^ 

^) (J.it-a (jj-i (j-a ^ i' ■v'l. .iV I jjl j^LuJI (JS^I (jx (6 

,JalLa !)l3 (l-J^^llsua]l 


jljp 

^-AiAi-aij 4ij^)ia j i (jJ.23LA]l (jJ^ a^li i_}2xA j ( 31 *^ (J-l*^ (jc. ojL^ 3 Aj 

I^Llj 3a^>a (_].2x» ^‘ ^ ( ^^Uaall 1 "<' a. ^ (.5^ ^Llj ^^Xuua ij..lx>a ^ 

(JjjlaI] ajl^l 4j.l u^ J ( ^ 1-i-i.il 3>s^ UJ^Ua-a]! (_JjIaj]| 

3a^>a (3J.ui-a ajij 


^i) 4 . .' 0*1 4.aii-a]l o^l^l V< ^ ^ (J.l*-a ^-0 4jla ^-o (J.l*-a 4jla 4_jjlia]l (_ij^_uii] 1 

( IV Ji-Aa Aki Icm jrji-o 

, ^ iTsK’s 1^1 i J-lx-fti] 6^1^ C^ljAj 2 
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1 


1 


s + 


s + 


GA^) = K^ 


^ lead 


1 


X- 


lag 

1 


,0<y<l , P>1 ' 


5 H- S + ^ 

y '^lead P 


lag 


'^lead ^IJead G\ [gad ’ T 


^2,leadG2,lead ^Adead^ \Jead 

- ’ ^^~~R—r - 

^3,lead'^2,lead 


'^lag ^\,lag Gi 


lag 


^IJead G\ lgad 
P _J^2,lagG2,lag 


^A,lag Gljag 

^3,lag G2,lag 


= 1 


^UagGuag 

! ^_3±uia]| ^ ‘ 

•” ‘ Cy^ y~ 1 iM* I (1 

(J-lsL-a Jj UJ-^ ^ (2 

^ t _'■ ’"’J liA J ( (_5-lc- ULiJ A ijlU/'il UaaJI (J;^ Jjij (3 

y'f.p 


^ p t _ (4 

GT^lag ^ j'^ (5 

jjl josl (JaIjLuJI jxj (6 

L ^ \^A \^\\ 


(^jUSil) 8J11. 

ajLuol AjuIILu UaiJI cJ:}lijjt ^L^Huoyi (J.i*-a 

(jljjil L^ <x3l^ i J,2x>j (jjJ UaiJI 4.^9^ (j-9 1/15 (_5lj ( V = 10*t 


1 


gAs)= 


s + 

T 

^lag 

s + - 

1 


s + 


1 


gAs)=k, 


^ lead 


5 + 


1 


ti' 1 


yTlag yTlead 

, 4_i3lS (_Jjb-<aaJl IjlA ^ U-9^ ^ 2 
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G(s) = 


5 


2 , 

s + s 


H(s) = 

= 1; 

n_G = 

5; 

d_G = 

[1 

G = t f (n_( 

n_H = 

1; 

d_H = 

1; 


H = t f(n_H 


d_H) 


jL^J 


(J 


%lead 
wn = 5; 
mu = .5; 

sO = wn*(-mu+i*sqrt(l-mu^2)); 

GHsO = polyval(n_G<sO)*polyval(n_H<sO)/( 
polyval(d_G < sO)*polyval(d_H < sO) ); 

psi = pi-angle(GHsO) 

T_lead_inv = 1 

gT_lead_inv = wn*mu + wn*sqrt(1-mu^2)/tan(atan(wn*sqrt(1-mu^2)/(- 

wn*mu+T_lead_inv))-psi) 

gamma =T_lead_inv / gT_lead_inv 

Kc = abs((sO+gT_lead_inv )/(sO+T_lead_inv))/abs(GHsO) 

Gc_lead = tf (Kc*[l T_lead_inv] < [1 gT_lead_inv]) 


%lag 

B = 15/Kc/gamma 
G_close_no= feedback(G<H) 

G_close_no_unity = G_close_no / degain(G_close_no ); 

t=0:.01:10; 

V = 10*t; 

lsim( tf(l<l) I G_close_no_unity < V < t ) 

T_lag_inv = .2 
BT_lag_inv = T_lag_inv/B 

Gc_lag = tf( [1 T_lag_inv] < [1 BT_lag_inv] ) 

Gc = Gc_lead * Gc_lag 

G_close_compensated = feedback(G*GciH) 

G_close_compensated_unity = G_close_compensated/dcgain(G_close_compensated ) 
step( G_close_compensated_unity i G_close_no_unity ) 

lsim(tf(lil) I G_close_compensated_unity iG_close_no_unity< V < t ) 

.JajiLo j^l]^ J ‘ (‘. Um^) Jplil] (._ UmI 
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d»j j (j>j ‘((13) L?^LaS) <1^1 (_J^ (J.2x>i]l ajlfr 



(32)l1^I 


(._ \\ dll jiaiJI di t AIjLuJI (_3^)ia]l (jC ^ aVi-^'i ^ 4ijjia j 

^j-dj ( ( !)l!La (J.i«-a]l /'. ^ 8 0 G_closc 

G_close = feedback( G < Gc*H ) 


G(s) = 


(6L]1j-a)s^)^l-^ <fill (_J^ (_3 Jjj4a]I (J-IxaII ^-d J SiC. ^ jl -v"!. .iV I <jjlLa ||| 9(J1j<9 

aJIj]| <jt3l^)l]t(jjol^l dj (_3JAi<a]l (J,2x-a]l I'm j ^ 2 il ■v'l. ..VI 

62.5 
+ 5 + 25 


JIaII JoxaIIj 


G(5) = 33.55 


5 + 9.7 
5 + 41.2 


^Ij]| (Jiil^l jl^J 


H(s) = 


7860 


5 " +1205 + 22500 


(_Jj_j^a]| dLjljjil 

n_G = 2 . 5 * 5 '- 2 ; 

d_G = [1 2*.1*5 5^2]; 

G = tf(n_G<d_G) 


, j6 
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II 

1 

G 

7860]; 

II 

1 2*.4*150 150-^2] 

H = tf ( 

1 

TC 

1 

G 

n_Gc = 

33.55*[1 9.7]; 

d_Gc = 

[1 41.2]; 

Gc = tf 

( n_Gc < d_Gc ) 


j i (l) <3LaJU <3^1 (_J^ (jljpsl uj^ (. 5 ^^ (. 5 ^^ <3LaJI (_ 5 -a-^ 

G_close_l = feedback( Gc*G . H ) 

G_close_l_unity = G_close_l / degain(G_close_l) 

3-^j ‘ ( 2 ) .^sij (j^jp33 3-$^ uj^ <3LiJI (_ 5 -a-^ 

G_close_2 = feedback( G . Gc*H ) 

G_close_2_unity = G_close_2 / degain(G_close_2) 


step(G_close_l_unity < G_close_2_unity) 




a21j3I (_5-3c- (2* 



dllfr^)^ J ( 4-ak3l 0 jliLa-a ( (j_jl3lj) 4gjlj3l ^LiJI (jl 


. -Iji-a ■i*-J ^-da J cJ33bi3l IJA (jjj 

^ jplajcj^Lia jlila 'I ^ 


ja\ j 2J1 ji (help)a^Lui^ <y 3 matlab jj J Jjij (jl (j^i (. "'gVi l 

( doc Isim ) Isim >4^1 ^ JIjjJ jla t doc y* s^LuiJI 
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doc clear clc j clear >4^1 J-JaL s^iLdl ja\j^\ ^j 

. (aJc. I— 

^(_l-a*JI (Jaj (JaxU M-file 
^ I ghq^ l) I ghq^ ijr^ M-file —II Clil 

. M-file ^ new ^ file jti.' M-file j ‘ (W' work 
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^ a! -V t\ 




LjJjl _j] !liliLa t t"'' lJ^ L3:i.J^ fAi ^ jjIa^I sL^I JJjij (jl ILLuj Lils 

aj3 J ^jjL-JI sL^'^l (JJjiij l 5^ j»Ijjlii (_^ic.'^l ^jjL-JI 

(^1 ^JJ <jjj t> 



(DJ^i 


a (J JJ-^ ‘ (jjj^lxlLa sl^lj (Jjij ^jli Lijli 1 /il •> 4£j^)^ LjJjl (jl Lai 

)JS^l) Lijl-^ (ZjSin((|))) 2;3 j]I ej3 dlL^j-a (_$^j ^ t ((2 )lJS^I) (_gJj]a]l 


((3 



(2)l1^I 


107 


PDF created with FinePrint pdfFactory trial version http://www.fineprint.com 











Lftia {#) 


L trmm <#) 





•• ♦ nV 

(Ll^jJ-aj (j^LiLa <ixujl^ f <1 ’•>'' cJ^ ^ 

: (j^j:i^l (jjSj (jl ^\jj (jl 
(‘ _ ^1 _jAj) '^J3lS ‘ ^ * 

(Jj 3 “LajlLa (JasHuj 4^1 (jl i ^liS (_g j3 j}' 'J * 



(4)l1^I 

(jA S-lja_)c. ^1 ) ^)Lk^l (jA 4ii^ {*_i^ J 

t ( (_^LuJI (JS^I UrJf^^ dJ\ -iai. (jA 4_jIj 43^I (jj^)ia (jc. 

ajljj (jA li ^j i <jjl^)aluo'^l ^2C. (j-a li^ 

. ^jA 4_J^jlLuull ^3*^^ 

^iljl-a i .liilj ^ Uai. t _';■ •<"'■ 4^1 a(jl ‘cJ:}^ 3°"' UaiJI • 

(0.19 rad) iiij ^ (0.2 rad) Jliiijl >al 

1 "<1 Vu ,1 .n a Uiii ^JSJLu]! siA i_i^j) ^ ‘ (0.2 rad) l)^ Cy* 0^^°^ * 

(t._ UmI l.a 

(4jjlia2l 33 j (.5^ ^ 3°'^ * 

(4ji3jiLa (_JSLu!uj tdljA (jlS (jj) (_J-a^ o4j • 
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L_a jjMj i (jlj3l 4i^)x-a _jA lj-4^ La (JSs a.i^_j]l bIa cJ^ 

. (^ (3^ jjl (_5-lc- jjS-a jA j i ^ GS 


SjjUAitj ^jjSiuiVi 

jjj-a] .lie jl 4^jj]l j)! siiajj -ijc ^ jjL^I t ^ 'Van ^ J 4jjl^)a!luj'^I 

.(^ ^j) 

2 •• •• ^ • 

.4^1^! 4&^)*jJIj jl-lLolLj Jjijj (_5^ ^jjL-JI ojJS ajjLLa]l 


! (j;iiaj^)iaj L^jL jj ^jl I l) 

4lSJLa]l ( 4jjl^)aluj'^l .^jj J:}^ !iLLa ( 4a.i^'^lj f <1 jLulj (jlS-a . 1 

J ji 4il*jJa (jjSLuj ojjLLa]l (_5ic- (jl 4aj^)ia]l B.1^ 

, , , 4 JI& ‘"'I^J'T^II ii3^>i-a (j-a ^ ijlLi^ll aj t^lc. 

t (_5^^LaJJ(jjlJj]l jlg-^ ^l.lilijol .2 

sjjLi-a (_ 5 -ia»J j_^l 4^j^'^l J t (jjjajjia]l (j^ liLaC ^ (j^J 

.ajjLLa]l J 4jjl^)aluj'^l sLa Jjjj (jjljJ jl-§-^ ^^ t43jjLa 4jjl^)ilujl j 


C.P C.G SM 

jjSj 4j^liJ t 4^^ ^^lj ^j lJ jjiui jAJ center of gravity ^fi^l jS>a ja C.G 

. s.lj& jjjj ((_5^)ALIa]l) (jj_jil s j3 ^ L jjl ^ n» ] dl^ (jjl jj]l 4ijjljJ d& 


B jS 2 L .n 


jl^l jjS-aj j^l 4Jaii]l jA J i center of pressure Jaidall jS^ ja j C.P 

ilAdc jjjj 

(j.a 1 1 M Tl ^^1 0 J 
Lgda ^^1 s j3 .nJ 4aa^'^ I (1 
^^1 0 j3 ^)2jc. ^1 (jc. ^jjijiA J (2 

^jjL^I ^t. a ^ (3 

(jLa i_Jj.uol.^ 0>jl^ jl i_Jjl.^j]l ^ Lii.il^ IgjI ^ C.P J ® 4a^.l]l ^ -"jail J 

4_ujjaj dllijfi. ^I.lij.ujl ^Ja.ujl jJ C.P J ^ijll aj3 (.. um^ I L_a jMiS (j^ Lai t * Aerolub 

. ^ j^l . ^11 ^ J * (j-a^ L_a jMi J i ^ ^ IJ ‘"'I II ^ J ® 


(^1 servo Lais Jl > jj s 
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^ ^jJiA CG j CP (jjj ^LuaJI ^j t static margin jlj^Vl (jlaU SM 

J ^Cxudj) J 

SM = X100% = ^ X100% 

/ I 

(jlS LaK ' 'j; ^Lui-ull dljl j Luis J ( CG L-kli. CP dijlS I jj ja"’^ jjL^I (jjSj 

(jjSj j-all j‘^1' ojlcJ iojjLLall (_5lc- ajJ3 JSI (jSl <Jjljiluji 

SM>5% , 5% = 0.05 

Ajjl^)a!luj'^l J t5^ ‘ ^jjL^I 4..a.lLa sl.^L CG lil^pJjj Jj3^l (jl .lie ! <ia^5La 

<-JJ^)aj (_3J^)]a (jc. ILa (Jjlij ^ ILl i<3l.1*J Lgj-a lBI jj3_j 1I (jl 

^l.liLujlj ^ ^ a. 1 .n ^ jjLk^l t ‘a.^Ti.n (^).uj.lll iil^)i.-a)^ iil^)i.-a 

(2cl*^ (j-a (SjcJ^^ill CLliill Jfjl 

Ljlijjxjll (jia»j 

(JSiill LaS ( (CG <iakjll .lie.) ^jjL-JI J 4"yA jLluo'^l jjl.i..a • 



(5)l1^I 

^ jjL^I (jl jSij 

y -■'1' sL^L (jl Jjia ^ Li^jj>aj 

^iLlI (JSiill ^ ^a^-uall sL^I <J (_ 5 -i*j (lS-^_^a*J|) Z sL^'^L jUa (JLa.lj& 


^l) ^ ^ ^ Aj\ 11a (j^ ^ djLa^^LL.a]l 

oIa (j^ i t._lJ^)i!ii] ( ‘^l.liJli.jl (j.a Ly^ S^^ixj-a ^ tj^ LaJ (jS] I. (i.1^ o^^JXj-a ^j'j 

,0^)^ j \ 0.aL^)^l 11a ^ t ^ 11a 
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(6)lS^I 


1.2^ A um'iIIj 4 UMiilj ^jA ^1 

LuS ( (jljjia]l sL^Ij (x) ^^_jia]l (j^ OC ^^3^^ * 





(7)3^1 

M t y jjs^l Jj^ (rad/s s^jj ) <^3 jljj3' q • 

y jj^' 

(»j3l L t X jjs^l (rad/s s^jj ) <^3 jl jj3' p • 

X 

J13I lS^I ^ US 4 



(8)3^1 

3^-^l 1^ U;H3I jA j-dl l^L^I J 4 * ^2 (_5-^U t"'' 3^ j3 

JISII 


^Lui£ 
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^_^-Ia3U ^ diLaai^l (JllS j • 


(c|) o^ Jj3^I) 


(^' ‘ 11 = 


2 


A5!)1»JIj (_5-ia*J 




cJ^ ^jl j 


j_5l) Z sL^'^Lj ^(j& (J_jA I^A j i sA^Ij <j«Ja3 La^lS (j^iljijj 

{(X) q f^ a oc ^ T| 

X Jmoment of inertia -Jl^^I^ • 

z Jmoment of inertia -Jl^^I^ • 

y jja^l Jmoment of inertia _3I 7^ • 


CjUluiAilj o'j^' 

Lai i (j;l*-a (_J^ia] La <31 <jL^LujI (^L3I _jA (jlj3l (jl^ 4s .^J LlujjJ LaS 

^iLLa i ‘"'I(JLij'7 <^_^l ^jjL^I <jI.^LujI J 


'J y 


I'l JUij) 



hI^I jl^l 

(10)l1^I 


jaj t (Euler jl) jjjii dl'^.jljL-a (j-a L^liliil ^ <41 _J^I (_]j_j4i3l dlLljjal J 

(Jj_j4j diLI^^I ^ ^ i <jliJalij ^j3-< i^')lAjui L^jaj ^ 

! LIA Li-a^ (_^l (Jj_j4i3l dlljl jjSI j 


LjI iiaL T| ' 
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f: + (/Kz.. 


^(.)= 

t)= 


-(z. +»i,V + (z„'«,-(/'«. ) 


r| 5 

11 
a 
11 




[ 

k+"lj 

^+( 
u - 

.Z-^^q - 
Z^^q). 

-Um,] 

\,U 

5^ - 


is + 

[Z^^q ■ 

-UmJ 








(^^'j -Um^ a=JI 

■ UJ^ J ‘ ^ j 

j^l ClilaLLiA]l j ^ Zw h ^P ‘CJJ'^' ^ 

*<Jl!i]| CIi'^jIjlaIIj ' i;"’ jJaj J 




m„ 


m„ 




mU 

-(c,„GS,) 


m 

-fc,GSC,J 


t//. 




(m/5^) 

(m ' 5'”'). 

t-) 


J 

-(c,„,,G^,//) 


(IajjJSj] (jC. dliJI (_J>Jaajj ( fuajl s^a) 



^jjL^I <3 jS ^ m 




(jC- " .1*J 
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Q=\9U" 


‘(J-alx-a C^ 


r =. 

'^la,w 


271 AR 


2 + '^4+AR^ (l + Afdch^J 

i_g jLujjj i ^IVlsch ciu 

U 

Mach = 


speed of ai r 


' 343 m/s lS^ 4& j^ dn 

‘. (J-alx-a ^ 


c = 


27C AR, 


2+^4+ AR^ (l + Much ) 


JSdJI jiaji t j (Aspect Ratio) ^^AR^ j AR^ Lai 

Jlnll 



jLuojj i J ^ (J^Llx Cj^ 


^jalS 'iAa.jj sjlj^ T diia. 343-1- (^jLjij 

V293 ' 
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jLujjjt CG (jc- CP ‘ I, 


cp 


r c / + r" c/ 

^ _ '^la,t ‘^t ''t ' '^la,w ‘'cp,w 


cp 


SC 


la 


aJj^I J)S^yi (jc- .Isu 

Cy^ ^Lj^l J^Lui-a (_5^ '' ‘ ^ If-p „ 


aJj^I (jC. 



(12)l1^I 


(1) ^SOAV-flj]) 

( ^(jlS-a^l aJIc aJ A ^ja ^^ siA (jx (—4.1^1 

SM oc Ti F, F I in i"'' 1 '.1 i 

max I max f,max max ^ 

^ (0.2 rad) Cj^ ajjm j i aJjL / ji^jjL^I ^ m 2^ 

J ‘ (-^max ^'^/z.max) (^jLaJ F^^^ j t 

djL^ai^l ci2 a F, 

- * ~J f,max 


<aliLa]l ^Uaj J .a V Ajc> ^ 

. Aij3^ (j.J^ U^ ljjV-^L*-a (jJ-3 

■ <J%J' (‘y^ jAJ ‘ jAlkll j jj]l u jj^' ■^'j -^max 


1 

2 

3 
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F 


^ (1) (Jj' jiaA 

p p OC Tl (JjJ P P, QLX\ j 5 -® a.'iVuMi L_a 5 ^ ^ 

4 .^ j ( A/?^ _ 1 jllij j 3 J 1 ^ lAljjJli .1 AR^ (.jjj^ (1 

cj'^jLxAl ^ J 41 *^J C^Q ^ U 

Mach = - -.-J- -- 

speed of ai r 

^ 271 A^ _ 

'-/a,w j 2 

2+y4+AR^ (l + AIdch^^ 


C 


2k AR. 


la.t I 2 

2 + ^J4+AR, (l + Mach^) 

f — f + ^ ^ 

•/ z,max J max o 

P = ffi f 

max J z,max 


(._jj£jJ t ni ^jjL^I aJjS (_jjSj (2 
<3jIjlAI (jx F_1 (_5 <-9^1 ^ 


Aju:^\ d-^A juc^ ^jja ((._lj^)ij]l dj^Ajuc^\^ t" 


jt—^ 


a. 


Tlr 


"A" 

jt^oo 




z ’max 


Tlr 


(^j±i Ijjl LaJ (j£J i ^ ^-a^^'•i IjjV t L)^ IliaX CS^ 

, t AjLaJlujV (jA' cJ*-^ 

i (3 -V -a\ 4 w.n\l ^ ^ ^/^ax ‘''' 

^JjL^I J <UiAij]lj ^jLj^I jA 
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^ ‘ OC T| j i (t"''^-*-^) F^ _1 j 


c = 

'^la 


c +— ^ c 

T] F + F^ 

F, 


r\ F + F^ 

t / ^ (3o-l^J 1^J ^"'' 3^"''"" IaIjJ^) ( SM _1 jliij (3 

Jti]! 


I 


l=SMxl ^ 

^F 

1 + 


C 


la 


Q=\9U" 


s = 

aQ 

S= 


cLi'^jIaa]! (j>j S^ S ‘ / ^ Q t _ 'J t p «•!<3ljS t _ ' (4 

F + F. 


aQ{C,^+C„,) 

F, 



< 2 C,„, 

A = ^ 

I'iKS 

a = ^ 

AR^ S, 


A a 


/■>!» / (_Luiij (5 

ep,»' • ' 


/ = 

cp,w 


1 C -C —/ 

'^ta '^/a,r ^ ‘'t 


c 


Ia,w 


W„ 


^ ( ( !4iL9 / ~ 


A / V 


m 


v4y 


T?) ly j^ (6 


, Aj_jj-o Aj^ic, Ajjjij S]S4! 

A. A-aJ3 ^.ilaluij Ijll ( IjA t 3o-^J 4 ^jc, l q^A''^ 4 ij..'-.A 

,1^ cJ*^ Cj^ Cj^ ‘ AS^l o^Lj^ <-0^1 a^A 3o-^j 
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(F+f,) 


/ C 

'-cp'^la 


a /,,(Q„+Coo) 
t ^ Sj S t ^Ifr ) 4 


j*^! jliijJ ( (V 


( <jiiala / W 9 

^1 _9^l dlUl Jpalj ^jji lALiiiji^ (_5-lc- I^LodC-l (8 

W^ (_£-*) (j-a jSllj ^ M&tl&b (_5-3j AIjLuJI dlljl joSI (_ii.Aj (9 

a 


.( 




.L 


h J 


11 



: -J t Jji] Ul-h ^ ia. 

ri . _ .. 


IJii- 

0.1^j)41jLuj]| ^fLa'^l <-aJAi-aJJ LloS ^ta. ^j jaiLuol 

(3-1 


3 J (_5i lAljjli.1 AR^ <-a^ (_jjSj (1 


AR... = 2 


AR,=2 

U=75mls 


C^o=0.1 


AR^ —1 jliij J 

U J 

Coo ^ 

J S-l^J 


Mach = ■ 


U 75 


Speed of air 343 


= 0.219 


C = 

la,w 


2k AR.. 


2k *2 


I -"/ 2 -f J4-f2'(i + 0.219') 

2 + ]l4 + AR^ (l + Mach^) ^ ^ ’ 


= 2.58 


<Jlc- JjJaaj 
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2k *2 


r =. 


2k AR, 


2 + 74+2"(i + 0.219") 


= 2.58 


2 + y 4 + AR^ (l + Mcich ^) 

/z.max ‘ ni (2 

m = 10 

/z,max = /max + ^ = 2^ + ^ = 3^ = 29.4m/ 

F_1 ^ ‘ t ’ 

F = m4^ax = 10 * 29.4 = 2942/ 

Ia jl.lLa a j3 t"'' J _AA J 

F^ =58.8 A/ 

Uiklj]J t .2 rad (>=• u' ‘.'rj OC ^(jl ILLa Lilaj 
a = 0.2 rad 

( .2 rad (jc- -^Jm J t.. ^2 ^1 lJ^ l 5 ajjI_^I LjojI 

T] =0.1ra<i 

. 1 rad (jc- ^ ‘dil jlaiJI ^ (_^l!i]ljj 

C, I_Luiij 

la 


c =. 

'-"/a 


r] F + Fj 


1. ^ 


1 - 


.1 294 + 58.8 _o 007 
0.2 58.8 


rjF + F, 0.1 294 + 58.8 

(."I 'U-i'ixtil Lai ( AA/ =0.1 (j^J ‘ SM _i jiLij (3 

(._ Um^ ij t / = 1 (^5^ J 3 J 

/ = 5 M */ = 0 . 1*1 = 0.1 

cp 

/ + 1 291^1 

f. = ■ xl^= , 18J X 0.1 = 0.5851 

Ldq . 0.1 


1+ 


c 


1 + 


la 


3.927 


A a S St 4 ^ (4 


p=1.16 

Q=[ p[/2=; *1.16*75'=3262.5 

F + F 294 + 58.8 

»3 — 


a e(C,„ + C^o) 0.2 *3262.5(3.927 + 0. l) 


= 0.134 
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= 0.0697 


t 


58.8 


y]QC,^, 0.1*3262.5*2.58 


A = y 5 =V2 *0.134 =0.517 
a = JAR,S^ =V2* 0.0697 =0.373 


/ C Uj.1^ 

cp,w 


^ (5 


_ C,„ - C,„,, _ 0.1 * 3.927 - 2.58^^0.5851 

^cp,w 


c 


la,w 


2.58 


= -0.1519 


ly (6 


ly ~rn 




v4y 


w„ = 


= 10* - =0.625 

_^_ 

(F + F,) _ 

a /,(C,. + C„„) 


| (294 + 58.8) 0.1*3.927 

0.2 0.625(3.925 + 0.1) 


= 16.59 


. (_J^I ^^ ‘^ (j-a 2 <iaaj 'a,' j .'IJ* I (8 


c = 

'^la 


CiajS,+Ci^J 2.58*0.0697 + 2.58*0.134 


= 3.927 


5 0.134 

t _'. 1 ( 1 g tug I ia^5U 

_-(C,„ +Coo)e^ _-(3.927+ 0 . 1 ) *3262.5 *0.134 _ 






mU 10*75 

- (C,„ e Y) _ - (2-58 * 3262.5 * 0.0697) 


:-2.352 


m 


10 


= -58.8 


-(C,^ ,QSJ, ) -(2.58*3262.5*0.0697*0.5851) 


0.625 


= -550.5 


'Ww = 


- (/,p Q S C,„)_ - ( 0 .1 * 3262.5 * 0.134 * 3.927) 


UI 


75*0.625 


= -3.67 


m 


_ - (c,„, QSJ,^)_- ( 2.58 * 3262.5 * 0.0697 * 0.5851") _ 




-4.29 


0.625*75 
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x_ -58.85^-252.55 + 8.09*10" 

Tj ~ 5^6.6465 + 285.3 

q. -550.55-1079 

” 5 "+6.6465+ 285.3 
a . -0.784 5-553.8 

Tj ” 5^6.6465 + 285.3 
^ -550.55^-10795 

Tj ” 5 " + 6.6465 + 285.3 

a j t f j h ) matlab 4LLJI JjjaJill cjLjl jjsI Ji.aj (9 

(oc ^ 

f_over_h = tf([-58.8 -252.5 8.092e4] . [1 6.646 285.3]) 

q_over_h = tf( [-550.5 -1079] . [1 6.646 285.3]) 
a_over_h = tf ( [-.784 -553.8] < [1 6.646 285.3]) 
qdot_over_h =tf([-550.5 -1079 0] < [1 6.646 285.3]) 

^ damp 1 um^i t ^L4I diLjlwn qjLutaJ j 

[wn.mu] = damp(f_over_h) 

(jjji 6ajlai. lAljjdS (j-9 ^j3 ‘ wn = 16.8908 ^•>6'ill ^IgJaia 






f_over_h Jjj^I qjLui^. (jrjjla cp- 

degain( f_over_h ) 

f 

c 294 29.4/. 1 c5^'j ‘ 283.6313 

ri 

1 \ A ^ .iQ' 

J\ t a_over_h —1 j 


degain( a_over_h ) 


. (.2/.1 = 2) - L.jSj " 1.94 

11 


^ 4 ^ djLalLall duls ^ ^ 

^iLai] ^-aLsJl J WIl 

s2 + 2nWnS + Wn2 


wn Jliidj 285.3 ij dilU. ^ 


tsAj 

16.8908 (J jOdj 
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^Ljajl Aj V t <alxA]l ^liaj C5^j cJ lJ^ 


I^LllliiSl ^jL^HujVI djLtt-uj^ ^-kJal^ C_iXua]l^ tLlA ^J^^AxSl J^)jJal] 

^)^l IjiLujI LftS ^ ) . 1 a T| .^ic. y^ ^ ^Luiii] AjL^HujV I ^^*.*1^ • 

( <^j^*.j.u>r] 


step ( .1 * f_over_h) 


Slep Pe9f>on«e 



Tinw («ec) 


(14)l1^I 


56% <-4^1 (_3j3 ^I) 46 ^ (<-ai]l) (_5 jA^aall f^ (jl Ji^5U <4j^ 

^1 - ^j ^ ^ ^Ij - (> JjSI J\ i( 

^'mjtM La>a ( ( 29.4 diilS j) ' 1.6.4 
. I ^ J ^ ‘‘‘‘ ^ ljj.l]j 

Liiiuol ) .1 sjIjL 6 T| Ajc- oc (jljjiaJI LiAijjj ^ j • 

( jAijiA T| 

step( .1 * a_over_h) 
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^L^IOC <^'j) (-2) lg-1 ijjjJj .3 (_gOC (jl Ja^!)U t- ^n^ 

'^ ■' T^"'‘‘’^' CS"^ C5^j ( (^.Aijj^l 

2j (_^Ij]Ijj ( ^ ( <Aa]l (3 j^ ^lijjl ^JSjjl/a (jl ^ULuij (jjj 

. <l*.iluj La jib j i <alsLA]l ^liaj -■' ■ (jx 


(2) ^saA*-fljil 

^L^JLujVI dlU*^ ^ 

fiL^VLj J^)jial] 

C5^-9 


Ij^^j^l) ^ (^\ i (^\ i ^.Ia] ^ ''“'J“' IjlAj 

(1 »^j D t_jJi 
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( (jj^ ‘■—y^) ‘ ‘'''' (jljj3l jib Gs 

^ /ij^ L f^ju jib Gc J 

A.a±ai.^ ill jlilil] (_Jj_j^Ii]l (jl Jjil jib Gf J 

^jc-Llk^ 4ij^)ia la^'^ ^jjHij I—a jixj t ^ jl.uii]l _j' g ^ J jA Hs j 

CG J ^ j\ tM 'll (_)JoljLa ^ ‘ ^ JA C j 


CG 


I 

(17)l1^I 

^^Lu.^1 ^ *i.nll ^^jjjLjLg ^=Lujjaj cJl^j-uj ^iSl ^1 Ja^V 

■ fz O^J fz ~ ^q '•i' JJ'^' 


^jLuij G t 4o-l^j (_^ (_3J.uaA]l ^ 1 4aj^)ia (_>iiaj (1 

G{s) = G,{s)^(^) 


r\ 

minreal( Gs*f_over_h ) 


H{s) = H^{s) l-c-^{s) 

V 

H = minreal( Ha*( 1- c * qdot_f ) ) 


^jLuoj H J 
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-( 5 ) 

■ f,’ ' 

fz - (z^m^ )5 + U(m^z^ - m^z ^) 

J 



qdot_over_f = minreal(qdot_over_h/f_over_h) 

(1) (^J^^Asd) jJaii i>* l^ikb —{s) j^-s) 


11 


11 




^jLuoj]l ijjjlja jb-?J Jjj^l jlj^l Ha j 

l ^ -tJ3^)aj (jii ^ (jli ( Ig n‘^1 ((17 )lJS^I) c 

^l!i]| Matlab —II j-al I gjlc . d_G j n_G d»l 

[n_G^d_G] = tfdata(G« 'V' ) 

Matlab —1' >»' <la ^'jj bJc. d_G j n_G j 

[n_H«d_H] = tfdata(H^ 'V' ) 





LiA J ( 4o.^J j^)4ui]l dlljl-»-^ll ^ 

(l3j^ H J G Jjj^l (jljM^I Ljj^ (1 

_j a tiiiW A 4 ■v'l...VI c 5 ^ blij jAd (7 


d'^ jIa-uII (jx (J,2*.<al] V|/ jl3^1 ‘' (3 

So=w,[-[L + i^]l-[i^) 

\|/ =±7c(2n + l)-<(G(5o)//(5o))^ 

\|/ 1 A.^ ^jl3 lBI ^ l'‘*j (0‘ 1 ‘2‘...) ‘ ^ n d^ 

(jl Jl jd. ''-'“jd (2) a(jx .'ij* i t 7t /3 (j-a ^H^l V|/ dulS Ijj (4 

. 7C / 3 3^ (Ja! \|/ 3* 


Lr^J ‘ ^t-saiu 

radian Uj j^l fidij ^,iVu,ri dl iia7 
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tan 


f 

( ^ 

\ 

tan"‘ 


-¥ 

1 

+- 

'v ^ J 

V 

7 


<3jljL<a]| I'yt - I_Luiij a — _1 “Loja i_1 vij (5 

jT ' T - ■ ■ 


+ |lw„ 


^jLxx]I (j>j Kc ‘' (6 


= 


Sq + 


jT 


5o + 


T 


X 


G(s,)H(s„) 


1 1 


J.2X-4I] Jjjsa]! (jlJJSI (_gic. (J- - (_>iajxj (7 


yr r 


5 + 


1 


GA^) = K, 


s + 


yr 


2<iakj (j-a .1^j ( (_J^I Ji tl ^ ^Uajl] dlljl jjsl (.jj^ (8 

(JliLall ^)]ajU ajlc. jjjSluo ^ j' -y-u.iVI j) ^ 4 -y-u.iVI ^ J (jj 

(Jtill 

jjIaII (9 

. ' K ‘1^ A * 1 ^ j*^ ^ ■' ‘.'^ ^ ^ ^ 


K,= 


jjLaI) ^Uaill dcgain(G_close) * wAJaI) 

(jljpsl <1 ((Jj^j-ui-a Ajjm liA j)^^jc. LiS (jli 

(5) = Kf 


1 


. •• 1 


^.Ua^l ‘ 'Y ^ o.i*J a^A JjJaaj 
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(jjSjj iX ^ jola J ^Lukll (j^jS dijlS (jj Lai 

JtJ u' J^' 


Gf(s) = 


K, 


X ^ 5 +1 


' j. 1 Jjju 4.Ak]l (_3 j3 a KtM< ci^ (jlii jlilLall (_3i*--a]l (jljj3!>U <jLaj^'^l ’j 

. ^L^LujI Jj (_Ja^ (jl Jl 1.1^jt 


2Jli« 


. (_ 3 fiji<a]l (J.itA]l J i(_^Lja]l (JliLall ^ jjL-^1] A qU .all ajl^l ^Uaj 

^L (_ 3 jLuJI JliLall (_gi I I 'I■ j^jlill JjjiJi]| diLjljjal (.jjSj (0 

f_over_h = tf([-58.8 -252.5 8.092e4] . [1 6.646 285.3]) 

q_over_h = tf([-550.5 -1079] . [1 6.646 285.3]) 
a_over_h = tf ( [-.784 -553.8] < [1 6.646 285.3]) 
qdot_over_h =tf([-550.5 -1079 0] < [1 6.646 285.3]) 


^iLlI (_Jj_j^j]l (j^ ^ ‘"'I ii3^)a..a ljj.ll <jl (jja^)ij] 


05 ( 5 ') = 


226.8 


5^+1805 + 32400 


: matlab —31 <1^.^ 

Gs = tf(226.8 . [ 1 180 32400]); 

! t i Ha. = 1 (_]j_j^j 3I (jl^ ^ jLuij (_>jjljLa Ljjjl ^jj <jl (jja^)ij3 j 

n_Ha = 1; 
d_Ha = 1; 

Ha = tf(n_Ha^d_Ha); 

(_J^.lj CG 31 ^Lal lOcm 4iLui.a ^ jLuiill (^jjoLlLa ^-da J (_5_jjj Ijjl (jja^)ij3j 

matlab —31 


c = .1; 

n_G d_G J G t' .uu'sI jaj 

G = minreal( Gs*f_over_h ); 

[n_G<d_G] = tfdata(G. ' V ' ); 


qdot_over_f Uu^ i j 

qdot_over_f = minreal(qdot_over_h/f_over_h) 

n_H d_H J H t- . I ^ 

H = minreal( Ha*( l-c*qdot_over_f ) ); 

[n_H^d_H] = tfdata(H« 'V' ) 
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1 


G H ‘ n_G ‘ d_G ‘ n_H ‘ d_H i (_ 3 fuiA]l Jax-dl u^' (1 

AIjLuJI a ( 

' mu wn —3 mj?-' (2 

wn = 30; 
mu = .45; 

Joxxl] psi j3' (3 

sO = wn*(-mu + i*sqrt(l-mu’^2)); 

GHsO=polyval(n_G.sO)*polyval(n_HisO)/(polyval(d_GisO)*polyval(d_HisO)); 

psi = pi-angle(GHsO) 


3g3.'V'j jj'-s'Vu.i (j^ t 71 /3 is\ 1.16 psi u' (4 

T_inv —1 (6 

T_inv = 8 ; ^ 

gT_inv pu>i^ij 

gT_inv = wn*mu + wn*sqrt (1-mu2 ) / tan (atan (wn*sqrt {1-mu2 ) / (-wn*mu+T_inv) ) -psi) 

52 (_5jLuiLjoj 
Kc p I (6 

Kc = abs((sO+gT_inv )/(sO+T_inv))/abs(GHsO) 

1.7 (_5jLuo1uoj 

J.ix.413 JjjaJj]! (jljjal ^ gT_inv T_inv Kc (7 

Gc = tf(Kc*[1 T_inv] ^ [1 gT_inv]) 

4_ujLul]l UC 

1.701 s + 13.61 


s + 52.01 


( Ig .ag^ I." 1 .ag .a j % (3 

f 

^^\j i command jL^ali.1 com cj^ t —^(■s) u'J^' ^ J 

com 

j) giildl (_3ii.a3l ^Uaii] 

t 4 a.1^J lAlLaLu 4ij^)ia3lj (_33 *.a 3I J .2l.apl _jA 


f_over_com= feedback( minreal(G*Gc) «H) ; 

com 


T| 


2 
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^ _ com 

com fz 

h_over_com= minreal(f_over_com/f_over_h); 




=» oc 

com 


a _a ri 


com T] com 

a_over_com= minreal(a_over_h*h_over_com); 




com com 

q_over_com = minreal(q_over_h*h_over_com); 
qdot_over_com = minreal(qdot_over_h*h_over_com); 


jjjSi]! .1^jj AjIaxj ^jij t j ^ j' -y-u.iVI j <jjlLa]l (Jjg (_J^I jj-a ^ 


; J i (4 J ^>^0 ^4jLua]l dlUl 

f_over_com_unity = f_over_com / degain(f_over_com); 
h_over_com_unity = h_over_com / degain(h_over_eom); 
a_over_eom_unity = a_over_eom / degain(a_over_eom); 
q_over_eom_unity = q_over_eom / degain(q_over_eom); 
qdot_over_com_unity = qdot_over_com / degain{qdot_over_com); 

(jolLa]! (_3l3L<a]l d il'il j^a) OC T| 

step(f_over_com_unity<a_over_com_unity.h_over_com_unity) ^ 





^ C ^ ‘ "O ' 4-ajai^ ‘LLaAl iijig tj) ‘ <fl J 
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. (JSLul<a]l <jL^Jajj'^I (jl <La j 

2.7 i_$\ 2.1 j_5jLuij ^ ^Lukll (jl (_3 jLuJI (j.a ! !liliLa 

^ ' I^^ ^ _1 A ^jall L ‘o» .>1 

<1 I^j OC ‘ ' I.M^ '’ _°* ‘^ 2.1 ^^Luij OC J 

y.lLa . Sr"3.(1 8* . 1 LgJ 1 l.a.m.0 (.5^^ <—slajJalS T| Lai 

, LaLaJ 


. <.ak]l (3 j^ (.5^ LS^ ^ KtM.all (jl 111 

(j-a (_5^ La (Jjla'll jolall -i■ ^ i ^ ( (jl£>a'^l j.13 2 Kwi.nll jjjla'il X ^JaSj (j-a (_iiJI JJJU 111 

^ <xk]l (3_J^ 

^'-^l c3j^ L.i’i/I Jpla ^Ljaj (j'^l J (_3 jLj 1I (_3^i>i]l ^UaiiL Ijl^ Lijl (J.ia^)ij]J 


L I’l.a i ^pl^l ^ ‘ ' 


Kf = 1 / degain(f_over_com) 


jA J j!ila]l t_ 


2.925 i jl 


t_f = .15 

Gf = tf(Kf. [t_f 1] ) 


^ J t_f _i ''-aJ^ 

i_$\i jjlil] (jljl^l ci^-^J 


1 Lill (_Jj^j^j]| diLjljjal 


^jiLuj Lj^ i is j'lla.nll 4q|ae.all (Jj^^^l]l dlLjl j^l ‘. ^ 


(_$! ( jjiil] (_Jjj^;i]| (jljj^l_J (_3l*-a]l 

f_over_fc = minreal( f_over_com*Gf ); 
h_over_fc = minreal( h_over_com*Gf ); 
a_over_fc = minreal( a_over_com*Gf ); 
q_over_fc = minreal( q_over_com*Gf ); 
qdot_over_fc = minreal( qdot_over_com*Gf ); 


/z.max Uf ^^\ ^ 


V (^yi lL^) *^^^1-^ djl jjj.a (j^ i 1 A ^ ‘i (.5^1 ^)-aljlL *(-0^1 (_3 j 3 (_J£ljja.a cj^ i ^ i “I ‘i ^ jjiflll 


i ^Lojc-Vi *-^ Ijil i cJ*-^ AuclsW 

cIH® ^ic- dlaJl 

<jajAjA ^ic- Lttj^j i ^^^-ujLjLo jl r3.tc gyro ^LjaVlj t 4_iic,li 

, 1.1^ JjLq <xo3^l 
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^ jj ^ 

f_over_fc_unity = f_over_fc / degain(f_over_fc); 
h_over_fc_unity = h_over_fc / degain(h_over_fc); 
a_over_fe_unity = a_over_fe / degain(a_over_fe); 
q_over_fe_unity = q_over_fe / degain(q_over_fe); 
qdot_over_fc_unity = qdot_over_fc / degain(qdot_over_fc); 

step(f_over_fc_unity < a_over_fc_unity i h_over_fc_unity) 

Sl«^' 



1 ^ ) 

(jl t 29.4 ^ ‘J (fc) Liiujjl Lijl (jx J 

(jij i .1 (j-a ^j3 t_gh J .2 (_ga. dulS ^jj 

matlab j-S/l 

step( a_over_fe * 29.4 ^ h_over_fe * 29.4 ) 
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lilljjj i j 


IS^li 


(J^ ‘‘‘''' La^ ( ^ ^^Lujj .liLa]l 




ev 



(21)l1^I 


<3j 
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(22)l1^I 


V dll Jj (J(JlLui-tt (Jdt-A lJ^ ^ 

^ ^ (^djV(Jj^'^-’^ll djUI^^I Ai^)XA] ^l) a^)dL^ 

t_jlli^l ^ 1^1 LIa^ 

2S^li 

[_jjjIjS] j - ^^Ldill [_jjjljiA AildaVlj “ r 3 .tc gyro _)1-^^ ^I-^^iLujI diA^I 

. ^dc-ld-^ ^V ^^l-*.j.^l (^jjjLiLaj ^lijSVI t ^^Luull 


^Sf( ^soA^ajll 

^1 jt jjL^l] sL^'^Lj (jl -^JtJ ^ Li^ij-aj 1 ^ <jl ILLuj Lila 
wVI Lai jjLaJI ujlilijl ^j-aj ^ jjLaJlj (“'jla (Jjj Jj ji^ LiA /i. ^"ill \ J 

! ^LillS _jA ^ jjIa^I (_JS^ i_g\ i .a^jj liLa 



(23)lJ^I 

(JS^I ^ (_^l (_Ji-a) ‘"'I jIxjI ajj^)AJa]lj jLuij ^ jIxjI j 

(roll) (-ijiaaiil 

( (5) x) jj^l Jj^ 

5cJ^^i y *1-?^^ L^i ^aLajjyi ^jc. ^ji ^Lj 
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L t X jjs^l (rad/s s^jj ) jl jj'd' p • 

X 

^ jjLk^l] j iS_j^ ^Jaidl (j^ (|) • 



(24)l1^I 

(_^ti]| (JS^I ^ <_1^j-dl L^L^I J 4 ^2 (.5-*^ i-'l ^ 11^ W cJja Ujj 



(25)l1^I 


i_yS£. cJ^lijj (j\ 4 ^ 




^!>l*Jlj j_ 52 a*j ^ t"'' cJ^ 


(4> 

L{s)=zh!hL T =^ 

I T,s + \ L^ 

(jli A 'n»^ ^ -■'ja' t"'' l5^ l5^‘^ L>“:J^J (^I^L^O P ^ f'l (Jj 3 (jl 

L>^ ‘ ' 'J ^ J 4 A n»^ <jjl_^ l>*9 ^j l5jO ‘—^ J^ ^ jjL^I 

<jjJL -9 ^jl_^ ^ JjLk^l (Jjij ^)a\ (JLuOJij 

^Uij ^ 1 j(j) ajjI_^I (i 9 j]ac- 4j■ ■'jjjL^) roll gyro I'y ^ ^ V lil 

^ jjLk^l (Jllijl J l§Jc. 1..I a^li cdljA j 4(^l!i]l ;_KwAl)^aU /'ll Sjl^j 

(_5Laj]l J {»j3*^^ 


Ija 


dlljUaJ-o O^ 
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=-QC,^,S, 

Q 


R + 

V 4, 


U 




2 12 




„2 Ra a 
R +-+ 


2 12 


^ St* a* j t (11)JS2. St j S j A j a jjLk^l ^)la3 ^ 0.^1 R du 

Clijlii]l St J a (Jj-a 


C la,, 


2tz AR, 


2 + M4+AR, ii + Mach^) 


clijl!i]l (j^ (mS2i ^Rt 


lJ oIhU dj' jiaA 

St* J a* — 1 ^--aj3 jliij J t (3 J (>») R ^-aJ3 (_jj^ (l 


( S A m MachC,„ ,^ C,„_,Q A/?, U St ) 1 JHall ^ ^lAI 


AR^ = 


a 
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c 


2n AR, 


la,t — 


2 + V4 + Ai?^ i^ + Mach^) 


a = iAR,S, 

^ ~ ~Q^la,t^t 

Q 


R + 


a 




,2 RA A' 


/a.w 1 2 12 




+ C la,,S , 


R" + 


Ra a 


+ - 


12 


j'^j 


I -OJSmR^ 


^ TaS + ^ L, 


Jjj^l (jljjsl <■. um^ I (2 


dll^ sLla.lilijol (_ 5 i]l j) Gs (Jj_j^j]l (jlJjil i_jjSj (3 

lAldulxj (_3^)]a]lj matlab (_5-3j t ( (2)(_5Jj-a*JI ^jl 

matlab (_ 5 -lj i—a jli»l l t-jjS^jjjL^ H 

jAj J-ixaII ■■'■ (_gi lj-4^ (_5^l G cJjji^l (jlj^l ‘(4 

G(5) = -G^ ( 5 )^( 5 )^ 


ci' ‘ n_i 


n G d G 


^J matlab <^1 j 


G = minreal ( -Gs * p_over_x * tf(l ^ [1 0]) ) 

[n_G«d_G] = tfdata(G«'v'); 
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jlilil J ‘ J IaLLuLu (_3^)ia]lj Jjla]!j (J-lx-ull (5 

4>(‘s) 


(jc. ^ _1 (4-ak]l)(_5<.0^1 (jl (_5 -^J ‘ 




^ 4 -y-l. ,iV I A£.Jjm 


(j' ‘ ’ 7 Z13 sj^ ^ lilljj t (IJIUJI Ljjja LuS) O.lrad 

^jLxa]! <iaijol^ (_LuJ^ ( -( 5 ) du^ ( ^0.1 (3^ -(“y) Ajjj 

■ ■ 4>. - 4>c 

fW=ix^WxfW 

4»c 4»c ^ 


3 J 119 


AIjLuJI A. ^ ‘ ^ i ‘o^l-»» \l A 4 ■v'l 1 III 

(3 J (j>j ^ J jLk^l ^>la3 >■ R t ' (1 


R = .05 


a_star St_star _3 ^ jliijj 

St_star = .02; 
a_star = .2; 

1 (JliLall (jx .lilj J 

U = 75 
St = .0697 
ARt = 2; 

Q = 3262.5 
C1a_t = 2.5846 
C1a_w = 2.5846 
S = .1343 
A = .5182 
m = 10; 

Mach = .2187 


ARt_star = a_star'^2/St_star ; 

Cla_t_star = 2*pi*ARt_star/(2+sqrt(4+ARt_star^2*(1+Mach^2))) ; 

a_ = sqrt(St*ARt) 

Lx = -Q * Cla_t * St * (R + a_/4) 

Lp = -Q/U*(Cla_w*S*(R^2+R*A/2+A^2/12)+ Cla_t*St*(R^2+R*a_/2+a_^2/12)+ 


6i.^vt7r /6 Ajji^ ^ ^ *9^0 Li® Jtitu 


1 

71/3 


2 
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Cla_t_star*St_star* (R''2+R*a_star/2+a_star''2/12) ) 
Ix = .75 * m*R''2 


Ta = -Ix/Lp 
p_over_x = tf( -Lx/Lp 


matlab ^{s) 


Jjj^l (jljjsl (J^oj (2 


^ [Ta 1]) 

matlab Gs (3 


Gs = tf(226.8 . [ 1 180 32400]); 

^ t ’ i H = 1 5liLa (jlS ^jJaII <-JjS.uojjjL^ (jl JJSI (jl j 

matlab 

n_H = 1. 
d_H = 1; 

H = t f(n_H.d_H) 

n_G d_G t.. uu^ I < 1 . 0 j i 1 i.agj G (Jjjiiill (4 

G = minreal ( -Gs * p_over_x * tf(l « [1 0]) ) 

[n_G«d_G] = tfdata(G« 'V' ); 

J.!*.*]! (5 

5 j) rltOOl J 4a.l ^J IaLIaIsj ■" ‘ 

matlab —11 j 

rltool 


. Import Model ^ file jlii-j t jj^ ^ 
jLa-all .-'11 (_5lc- ^ G (_5.1c- iaiiJallj lilljj ( <£11 (Jjj^jll (jl JJ3l jA (jjSJ G jlHij ^ 

.<ijLujll <Ljiall (jjiilj jl g -^1 (Jj^j^Hll (jljjil jA (jjSJ H jlHij ^ tP_1 

^IjII (_JS.ilill ( OK R* ‘ ^ 
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(27)l1^I 


Ij] j^JadS ( |^ 1^ Step Ui. >i i 





. d 4 -v"!. ,iV I ^^JaJ j 

jdij j (^'dlc. J-»at k>Ti\l ^lijj j Jai^Jall) (dfSg) 

Ad]l!i]| AjLaHuj'^l !)liLa t aJ jjLa ^Lallujl A.Aijjj is^ (J*' (jl 



(29)lJ^I 


(jdj (J.2*dil] * KK jjjSj]! A-a^ ialj li] Ajij^)jjj l^l iaa!)U 

Gain: | 25 


. (_JS^I S-2J^J-dl 


KK = 25 Adl^'^l 


( 0.1 (jc. .ijjj (jl lAJjjj Idji Lila t^'j) 


^(s) ^ jL^l 

4>c 


^Lja-a 


aJ t- ^ 1.^ 
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matlab —31 ^5^1 (^3i3l JjjaJill jl Jial j rltool 

KK = 25 

Gc = tf(KK.l) 


G_close = feedback(G*Gc^H ) 
Kf = 1/dcgain(G_close) 

Gf = tf( Kf . 1 ) 


a kill (ji jjsI ^jjj 

1 

jila J 

Jl!i3l£ I_Lul^ -^( 5 ') ^ulc J 

■ ' 

fi_over_fic = G_close*Gf 

(biL.1 US) . -^( 5 ) Ul 

4>c 

x_over_fic = minreal(tf([1 0] <1)*fi_over_fic/p_over_x) 

(^1 t fi_over_fic —3 s j1lL3I ^UUuo‘^ 1 ^jj 

step(fi_over_fic) 





x_over_fic t rltool ^i3l JSU3I (_>Uj jaj 

step(x_over_fic) 


( 1 ' 2 ,) LoS M t**il ^ Ul 1 
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Time (sec.) 

KK ."ij* I li] ( • 1 (j^ J -2 iS (jl 

lil t fi_over_fic ^ ij^j x_over_fic rltool j) 

( KK= a jIts (j-a Jjsj 

a (j-a .'ij* I li] t IJaiLa jala]! lJ*-^ <Ak]l iJ:llaj LjJji j t Lil^ Lijl 

J\ . Gf= 

t_f = .05 ^ 

Gf = tf(Kf.[t_f . 1]) 
fi_over_fic = G_close*Gf 

x_over_fic = minreal (tf ( [1 0] <1)*fi_over_fic/p_over_x) 

step(fi_over_fic) 


t ]^\\\ 4 \\ -v"'. .'1 f. jdii t ^ 1. .'1 ^ /\)1 J.lx.a]| (J.1 j t .lal J^'SI 

^i3Lj l^jaal 
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Time (sec.) 

(32)l1^I 


(JjjLa (Jl j Laj 


step(x_over_fic) 



jA (j'VI 


(33)lJ^I 


La ILa j t 0.1 (j-a (Jal f'.><a-i.'ll ^jl i 



1 

0.055 + 1 


(jl JJSI jj JafLall dtiaj (jjj 




Gc (s) = 25 
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JLAJ.I 


J 


(j.<a3ljjj (jl ^»l»j Lli^ t U A£.^).uj1] joSI t _j]l s^A .lie. 

-lie. f. jjoij ^ ^ 4 ■v'l.,iVI 1 -4a. ^ jjl ^lij (jl Jju t _ lj] 

. ajl&j (3^ ^ ^ (jlS (jJ-3 ‘ 4£.^)^I 


^ U jjI (Ij! jiaA 

_1 t (l)(_5J j>a*JI (jljjial] ^aJ-aA^aj]l (_gi lAljA-aJ&l (_j;i]l (l 

ARw ARt CDO m 1 Icp It S St A ly ro a 
h f z_max 

^Ij]| t _ 1 ^ ( lA.Ijc. dllLk^l J>a]l (.5^^ u <_jj^ [2 

Mach = U/343; 

Cla_w = 2*pi*ARw/(2 + sqrt (4+ARw'^2* (l+Mach'^2) ) ) ; 
Cla_t = 2*pi*ARt/(2 + sqrt (4+ARt'^2* (l+Mach'^2) ) ) ; 

Q = .5*ro*U'^2; 

Cla = (S*Cla_w+St*Cla_w)/S; 
zw = -(Cla+CDO)*Q*S/m/U; 
zh = -(Cla_t*Q*St)/m; 
mw = -(lcp*Q*S*Cla)/U/Iy; 
mh = -(Cla_t * Q*St*lt)/Iy; 
mq = -(Cla_t * Q*St*lt^2)/ly/U; 

f_over_h = tf([zh -(zh*mq) U*(mh*zw-mw*zh)] i[l -(zw+mq) (zw*mq-U*mw)]); 
q_over_h = tf([mh (mw*zh-mh*zw)].[1 -(zw+mq) (zw*mq-U*mw)]); 
a_over_h = tf([zh (mh*U-zh*mq)]/U.[1 -(zw+mq) (zw*mq-U*mw)]); 
qdot_over_h = tf([mh (mw*zh-mh*zw) 0]i[1 -(zw+mq) (zw*mq-U*mw)]); 

_1 i (2)(_5d(jljJall ^aJ-aA^aj]l ^ lAljiaJ&l (_jj^ (3 

c Gs Ha Gc Gf 

t ’ (4 

qdot_over_f = minreal(qdot_over_h/f_over_h) 

G = minreal( Gs*f_over_h ); 

H = minreal( Ha*( l-c*qdot_over_f ) ); 

f_over_com= feedback( minreal(G*Gc) ^H) ; 
h_over_com= minreal(f_over_com/f_over_h); 
a_over_com= minreal(a_over_h*h_over_com); 

f_over_fc = minreal( f_over_com*Gf ); 
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h_over_fc = minreal( h_over_com*Gf ); 
a_over_fc = minreal( a_over_com*Gf ); 

fc=fz_max >4^13 ta h (5 

step( a_over_fc * fz_max « h_over_fc * fz_max) 

(jc. diaJI t sLiJajpal a h tl(jl j 

.lajJ i (j-a La ( sLiJajjal (j& i_$ a h LjI j333 ^ 

i La-iIc ^j' -v"!..iVI 

step( a_over_fc * fc « h_over_fc *fc ) 

t ^ til3j .lie. 3g (.5^^ ^(jl t <-4^1 aJAJ 

lALjAAk.! fc ^ f_over_fc ^jL*ti3l ^LaJlujI 

step(f_over_fc * fc) 

(jjSj (jl siA .ijc. (jl J;lia3l (jlS-a'^lj (jlS (jj ^ 4■v'l.,.VI (j>j j 

(jj3 dylj ^lijjl ^JjiaJ i lJ j3jLaJ g (j-4 ^l^j3l ^jLujj3I 

(Jalij (jS-a-4 (jljjia3l (jlS (jli ( ( (j-4 cJ:}3a3l 4^lS>4j ^3-1.,I 

(<^l!l3l dll J 3--i.il) d j3-.»ll <jldlujl jjji^l 


St_star 
Gc Gf 


dj3-.»ll ^ajAdi3l ^ L§Jj I i3><ojj (_^l ^Ij 3I ^»^I diSj (6 


a star R ARt star a Ix H 


A^L 13 I a.lj. 1^1 ^a^l t ’ (7 

Cla_t_star = 2*pi*ARt_star/(2 + sqrt(4+ARt_star^2 *(1+Mach^2))) ; 

Lx = -Q * Cla_t * St * (R + a_/4) 

Lp = -Q/U*(Cla_w*S*(R^2+R*A/2+A^2/12)+ Cla_t*St*(R^2+R*a_/2+a_''2/12)+ 

Cla_t_star*St_star* (R'^2+R*a_star/2+a_star'^2/12) ) 
Ta = -Ix/Lp 

p_over_x = tf( -Lx/Lp ^ [Ta 1]) 

G = minreal ( -Gs * p_over_x * tf(l « [1 0]) ) 

G_close = feedback(G*Gc^H) 
fi_over_fic = G_close*Gf 

x_over_fic = minreal(tf([1 0] <1)*fi_over_fic/p_over_x) 

fi AjLduol jf A 1 (3 


step(fi_over_fic) 


XSi AjLdujI A 1 ^ t <3 _jjL4 JIjj y AjLduj'^l A&^).uo dulS (jj j 

step(x_over_fic) 

Id bft t^ (_jj3I (_ 5 jA^aa3l xsi (j-4 Jal JlJ m ')! Aa^I dijl£ (jj 
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4JH9 

jfjl ‘ 50 (Jj ^jjLk^l \c.^yM (jl LlJa^ _j] 

ii.lj 1 (JliLa (j>j (1 

ARw = 2; 

ARt = 2; 

CDO = .1; 
m = 10; 
g=9.8; 

f z_max = 2 9.4; 

1 = 1 ; 


lcp= 

.1; 

It = 

.5851 

ro = 

1.16; 

S = 

. 1343 

St = 

.0697 

A = 

.5182 

B = 

.2591 

ly 

=.625; 

u = 

o 

LO 

a = 

.2; 

h = 

.1; 


a.lj.1^1 U t_jjSj (2 

U = 50 

1 _ '..1^ 1 ^ 

Mach = U/343; 

Cla_w = 2*pi*ARw/(2 + sqrt (4+ARw''2* (1+Mach^2) ) ) ; 
Cla_t = 2*pi*ARt/(2 + sqrt (4+ARt''2* (1+Mach''2) ) ) ; 

Q = .5*ro*U''2; 

Cla = (S*Cla_w+St*Cla_w)/S; 
zw = -(Cla+CDO)*Q*S/m/U; 
zh = -(Cla_t*Q*St)/m; 
mw = - (lcp*Q*S*Cla)/U/ly; 
mh = -(Cla_t * Q*St*lt)/ly; 
mq = -(Cla_t * Q*St*lt"2)/ly/U; 
wn = sqrt(zw*mq-U*mw) 

f_over_h = tf([zh -(zh*mq) U*{mh*zw-mw*zh)] <[1 -{zw+mq) (zw*mq-U*mw)]); 

q_over_h = tf([mh (mw*zh-mh*zw)]. [1 -(zw+mq) (zw*mq-U*mw)]); 
a_over_h = tf([zh (mh*U-zh*mq)]/U< [1 -(zw+mq) (zw*mq-U*mw)]); 
qdot_over_h = tf ( [mh (mw*zh-mh*zw) 0] . [1 -(zw+mq) (zw*mq-U*mw) ]); 

_1 2(Jlj-a lAljd.iUC.1 qjjSj (3 

c= +.1; 

Gs = tf(226.8 . [ 1 180 32400]); 
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Ha = tf (1«1); 

Gc = tf(1.7012*[ 1 8 ]. [ 1 52.0078] ) 

Gf = tf( 2.925 . [. 15 1] ) 

(4 

qdot_over_f = minreal(qdot_over_h/f_over_h) 

G = minreal( Gs*f_over_h ); 

H = minreal( Ha*( l-c*qdot_over_f ) ); 

f_over_com= feedback( minreal(G*Gc) «H) ; 
h_over_com= minreal(f_over_com/f_over_h); 
a_over_com= minreal(a_over_h*h_over_com); 

f_over_fc = minreal( f_over_com*Gf ); 
h_over_fc = minreal( h_over_com*Gf ); 
a_over_fc = minreal( a_over_com*Gf ); 

t fz_max Sic. a_over_fc h_over_fc (5 

step( a_over_fc * fz_max « h_over_fc * fz_max) 



(34)l1^I 

dlls kc.^).uo (jl j 

h j .2rad jjSluo a jla t fz_max sjIjLj jJ j] <j1 j 

t .Irad 

Jjij (JSdll (j>jJ i Ig Ifr .ij jj (jl J-dl ^ (_5^l fc (jC- t|1] 

LjjSj iji fz_max 

fc = 20 

lAdc. ajl&j (jC. <1 <.4^1 sIa (jl (j>j jSllj 

step( a_over_fc * fc ^ h_over_fc * fc) 


146 


PDF created with FinePrint pdfFactory trial version http://www.fineprint.com 










(35)l1^I 


fc_II soA oic. f_over_fc ^U^l ^ y 1 u^l 


step(f_over_fc * fc) 



(35)l1^I 


^Ij]| 


O^J‘ § (j-a Ly^ L5^ til ^yi^ jLuii]l (jl ^auj^I (jx i 

. 1^1 s^A (jx (JSI A£.^yxJ (_yj 

4jjiaj ^jL^tuj'^l ^1 


i <C.^J^| (j^Liijl .lie. CIkiLuj ^ _^A*JI (jl Jjial] ^L^tuj'^l dlliA^I j-a (jl ^ . ^tl -t. 11 
Xc-^yx (j^liijl (.jLa) ‘"'JtP ‘ ( fC aj^ (Jj-a) ' i^ 1^' ■" (J.<a*-J lill^ j 

( L_ajt»\l jljli,| ) <Jl!i]| a(Jajjj ^1 1.1^ lii^ _j]j t( <jL^tuj'^l 


3 cJlj-a ^ l§Jj I lL<ojj ^yi ^Itll ^a^l LjJJ^ (6 

St_star = .02 ; 
a_star = .2; 

R = .05; 

ARt_star = 2; 


147 


PDF created with FinePrint pdfFactory trial version http://www.fineprint.com 









a_ = .3735 
Ix = .0188 
H = tf (1.1) 

Gc = tf(25.1) Gf = tf(l.[.05 1]) 

t / (7 

Cla_t_star = 2 *pi*ARt_star / (2 + sqrt (4+ARt_star''2 * (1+Mach''2 ) ) ) ; 

Lx = -Q * Cla_t * St * (R + a_/4) 

Lp = -Q/U*(Cla_w*S*(R^2+R*A/2+A^2/12)+ Cla_t*St*(R^2+R*a_/2+a_''2/12)+ 

Cla_t_star*St_star* (R''2+R*a_star/2+a_star^2/12) ) 
Ta = -Ix/Lp 

p_over_x = tf( -Lx/Lp ^ [Ta 1]) 

G = minreal ( -Gs * p_over_x * tf(l « [1 0]) ) 

G_close = feedback(G*Gc^H) 
fi_over_fic = G_close*Gf 

x_over_fic = minreal(tf([1 0] «1)*fi_over_fic/p_over_x) 

5 4■v'l..iVi jtA I (8 


step(fi_over_fic) 



(37)l1^I 


A 1 ^ t <1 ^ Ac. (jl j 

step(x_over_fic) 
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X ^ ^ ^ « 

' I ^L^ (.5^^ ^all ) .Irfld (j-a 4.«ak]l (jl Ja^!)ljj 

1 jjj£ jfjlju ^ L_a_jia*JI <jL^lijjl (jjj 

Jlldl 


^(j-a3^l dlj^ ^aixi] j) U JjUU t _ 'J ■ "J dl^-Luj 2 i' -v"!.,.VI jjl (JliLall (j>j ' 

t ( 200m diil^ ^kc .jiaiJI ^Lu4a]Ij t l.Tsec jlSa 50 ^5^1 75 (>» U ajs 

: 4j£2La]| JjIaJl o^j 

(LllliLal 62.5 ^0a.ujj!La]l 4c.^).ual] (a.1^^1 L>^) ‘ . 1 

4.lijjLi-a (j-a_)ll ^-a ' a. ^ ^jatTl Aj>a3j dl'^.lx-a ^l.lillujl .2 

(jlS-a'^ I J.13 f. I jlLaj I (Jjliu . 3 

^)jjo.i]| J (jl I (j-a (_];^l lilLiA ci*-^ t5-^J, 4 

<41 <-ajlLall J t ^ ‘ (^t.j.4^1 (jl P*j) 


t ~ 


2m 


p5Q 


1 1 


[/, [/ 


<1pIjl4I 41.1. >'1^ ^ 


'■ 7 


alj^l SiljS p 


a. 


C =C +C ~C +c 

'^Z) '^£>0 ^ '-'Da '-'DO ^ '^/a ^ 


Uf+U^ 
Ax ~ ? X— - - 


<1pIjl4I 41.1. >'1^ ^ 
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A£'\ u/1 

accelorometer_II jlg-^ ^Li*-a i_aj^j t ^ jLiu]! ij^ujILu] ^I jjl lilLiA 

'll i^JA ^ •^l ^ ' 

(>j ujSjjj i (jj3 ^ jl*^' L>*y^ jL^ull i>iLiLj 



(potiniometer) ^ L5 j‘ (fluid damper) jl^j 


J (_3J^)i3 (jc. J ) ‘ ^ ^J 3(.5^ J ‘ ‘^^>f^3^l *^1^ K 

( .. .. jl (_ 3 j 3 jI t dllSj^ j]l 

JSJJI <Jc. 4lLaS/l (>»j ‘ ( fluid damper) .^j^Vill .^j^-^-ill J-aL*^ C 



(39)3^1 


Ajj^ ‘ (^31 ^jLuii]l (_)joljl-a (JS^Ij 


accelorometer Jl ^^1 1 

Ajic-li J' 4c^l O^iLsJl djli r ^ ^ Vj 
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2 x 


X 


2 C K 

S +—S + — 


m 


m 


v^ _jA j ^ y^ j!tt (J^aaIi 

! CllLla^!)La 

<Jl!i]| Clll3!>l«Jlj ‘ 4aA^j IaLIujjA ^yi]! |J, • 

w„ = -J K/m 
C C 
2 mw 2 ^K m 


(jl aJS^Lu]! (di^) aJI& wn (j^jSj (jl ^^<ju^)aj ^jL^HujI cJ 

1 


a«.lj3 (_^l!i]ljj ( 




f 

yJz y 


A n» A fz Aic a jjit X (_5-i*J WH 


W„ 


(2) ^‘ IAu LqS ( — C jAi (_J^Aa] 1 ( yiSll A5^1 Ij^^l ^ (_Jj 1 
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t"'' jl dll J J <]£jLa]l a.lii (_I^j( UJ^ L^ ''g •^1' 

, aJj^I A^I jl (j>j (jljLu]! A^l jl (jlji-all aJj^I iaJ^ 

a.!^ AjL^djI (_5lc- (Ji .5-.7 (j^ |^ A-^a^ UJ^ J 

y X 


K 


T 


A^jlLall i_a ‘ ^^ jlLall djj'^l jj ■ ^jdl ^ J'>- ■ jlS^I 

X 1 UJ^ lAdi ji ^ jLuij Jj jjJ aJj^I jI jiLmI <iakj 2jc. (Jjt 


.07 (^jLuJJ dlJ jU * jl 


5Jli« 

‘ w^ ~ 30 jl ~ 0.6 aJ ^ jLujj (JjoLjLj 

', (J_jiiJI . 1^1 

K = 90 aJ <iljfi j s-ij^ 

tj\im aJj^I t-Auid w„ = -yjK/m ^jl*-all qa 


K 90 


m = 


w" 30 " 


= 0 . 1 /^^ 


ij\ i C jl 


c 


24 k 




m 


C = 2|iV^ = 2*0.6*V90*0.1 = 3.6 


aJ 'ij'^A'ill jl^^ ^1 


/ = 3cm = 0.03m 
e = 1mm = 0.001m 


i^\ i D t.. uu^ I i C = 


37C|1/ ( D^ 




vO 


D = 3^^e = 3i 


4*3.6 


' 0.001 = 0.009m = 0.9cm 


37CpL/ pTC* 0.07 *0.03 

lAiklj ^ (J^*; lilLiA jjSj .1^ t(lj^)]aj slil^ jj) Lilac, j j II i..J^)d ^ 

. jLxuiiJlj 


jl ^ 4J |1 ^ 
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(roll gyro) uijiasdl 

( (|) ^ a (J^ jjLk^l (JtiijI ^jl_3 J 

(a^)S jl i}y^-) (jC- _jA J ( I—a_jia*JI <-J^jSajj jjjLi—l ^ jj-aj (JS^I j 

liAt^ jl jj^l jj^ Jj^ w ^jl j jj'^^ moment of inertia (I) <3 

liAi (((J dlljS <iaijol _jj) jUal 

^ . ^\l ^A y"yy-y ^ 31 j ^ -v 11 ^a l" yy-y 

(Ji.la 3 l (>J 



( 41 )lJ^I 


(Jjijj V “ ^ AjAaSI j ~ C 5 ^l 1 J^ ^(Jljijl SiC’J 

IaS i I^w ^ 'y^\' 


. (_J£A1 ^_Ja^ ‘ c3^>^ 

(_Jljij^lU 4^jLLa]l P-9^ (-1***-^ 
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(42)l1^I 


j Lu^iCj) t V l3^ Lsjy?-^ ^ 



<P 4>b 

V ~ Vb 
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i^\ 


drift —II ^liAa 


(^jjL^l (Jllijl .ijc aj (Jllijl 

, ^lia^lj /'ll '' .'y"'. 

‘^ L 5 (J"'°'J (j^ i (!iliLa 0.4 fcld) ^ IJ»»a ^ jjLk^l (Jljijl .ijxi 

4jjI j]l Jj ^jjL^I ^SKw./'ll ^ i dijlj (jl l)-^ (. 02 ra.(i) 

(.01 rad) ^jl j ^ 5 !] Jjt (0 rad) ^j'jl' t 5 ^j J^' ^ (0 rad) 

4 jS 4 ui]l aJAj (Jljijl .lie. IjSa j t(.Olrad) ajl.lL 9 Uai. lijJ 0 Ja^I ^_^\i 

. drift 


! J^jiiJI (J^* ly aJ£41a]I a^A (J^ (jjj dJ 'j/j 

(jl£x‘j/l J.13 I*w iS jl jll ^jll ajLjj . 1 
(.. .. ‘''''' t J) (jlS-a'j/1 J.13 jUa'j/1 J J."11 (j^ tdlSj^'j/1 (JJij . 2 

(JiJI (jjj dj 'j/ U I Ij (^I J drift 11 ^dSJLa Jli^ liA JS (j^ 

^ ^Ij (j;y»2l ^ J jL-JI (jl J J J _jl3 ( ^ a^.^'illi A^ j^dl (j^-^ ^.11 ^ jij (jl . 3 

^I.V^I ^ '^}lc• l-» JSJ ‘ drift .1 J (_ 5 -i*:i tillj 

J ciiLaji^4 J ^ ^ '’•>! 4 'Ua (jjSj (_5JI- (jLujJ (jJ-aJ dl^ c3j^) ^4^^Uai ! ^ .n 

. LiA ^.^.lijluij ,_5JI (Ji3 cllajj (_3j3)<^ jJI ^Uai (jjj JdaSl - C1 iIS^>^jj4 

dlJ^l ‘. ‘ ''^^3 ?•" drift II 4l£d.a jib Jj'j/I ^Jaill lj.al.l^HujI ^.IxJ ^ tajl^l ‘. ' '.“II j 

jib ((Jj 3 dl^ c3j^) jad^j (_5^ Jail (jli 4jiald ojjj-taj dil.^ ^ jJ . ^11 (jl 1 iIA^V ^ 

jIa*^I jib (JaJI (jli (jLujJ (jJ-aJ dl^ c3_J^) jadai Lali 4.i.j.iSl»jaII A^-^lj (Jjill^yjl ^I.V^I 

4 _ua$lxJ| J (J .y II 1 (jljJall ya] jl ( drift _jA i_JJ.mII (jlS (jj 4muSljuII ^ (^ •^ I' J (Jjall^)jl 

, A ^jmll (j.<addll dam t ^^Jaldll aL^'j/d ^x^^jll Ia^C is^ fiat .jail jA jjjmJI (jl£ (jj 

^dai ^j <iadjJ J^ Ij^j jmi (Jj.l*J (jSmJi drift _11 Jmg m jSmj jyjl^ Ac\ u.o Jic. I jl 

■ (jday (jymJ dlad (Jjs) 


((_^^)al Jjj^ ijA (_^l)aJ^ bj^x^aj Ajajj AjmJj Ja JjV I ii t I ‘^1 Ija x t ^ . x^j\\ -< 11 jy^ 
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aJojm] (jC-i ^jl dijlj i_9^ 4 jIa^I _jA liA ^^JA i_ 


^tl]| ^ L^C. 

I-—-1 



4 ‘ (j^j-Jaj ^ Cll^c'^~vJ ^1 ((Jj 3 fjj]l j\ j 

, ( jLujJI j (jj-a^ ‘ (.5^'^^ ^ J 

I > 9 ^( 

1 ^ Jlla 

^ Lu^tdijlj ^lijjl (_Pc. 4l*^ ^1 jl ^ AmxII^ ^jjL-JI (3^iaj 

Jllll lS^I 
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j\j) i jj (jjJ J i ((jlI AilaLa ', 14 q?->ixt\l 

(^Jaa!L4]l JaiJLj ^jLui-ullj jLuJ jJ ^ jjU-JI 


t 


^l£ ‘ LiLujjl ! 

(.5^ Jjiaj ^jLuiA ®J_5l t * fz = “§^ C5 "^“*^J ' 

4 qU ajl^l ^Uaj '^j) Clljlj ^liijjl (_5-lc- (j^ ^' »ag ^ (j^t dijlj ^lijjl 

! t lil] j ji ( <1*^ (3^ La I La J‘ ^ liij I (Jjol^ (.5^^ ^ 

dlls ! Lk^C ^JaLujI ^ <3Aj L^LujjI ^jiaLmj J3 fz = -g * 

4l^da]l sLa (_]^d]lj Lij 1 II djij ^ J i ^ (_JSd]lj JjiaJjjj 

.^jjL^I (j-a cJ^JJ fz = -g ^"21 Li*-?-J 

4£.kilLlA (jlS (j^t LaLaJ fz = -g dljlS ^ !)LLa ! 4dlJljl \c.^yM J j • 

. jLui-allj Lj . ,1 ^ jjLk^l (j^ (JiujSU 

^LjL Lajlj (L-a<jSiuo!)Ul) ^yi\ j'^l (jl J ', noise J 4 j£da • 


dijlS jla i sL^L (jjoJJ 




ajjA^L (J‘^j J3 fz = -g 


•I) 


sL^'^Lj fz da^ ^*V 


f 


(j.<aiij!luj <^^)<a]li La jljLa AjjI_^ ^jjLk^l jIj j LaLaJ fz = -g 

/, =-4^ ‘-/^ *COs(^) = -gCOs(^) 

cos ((|)) 


(jj-ua^ (^j 3ilda'^ljia^)fi. j UJJjd ^Ij^ dijlj ^lijjl (jljjia]l (jl ^jUmj 

dllLk^l jjj 

£^jLu<jit 

^1 jl ' g L.'ji ^1 j'^l jjl dl^c ^ jLuiill A^JJ j_5-aajjj ' ^ jj]l Aijjia 

. fz ^jLujj]! 

^^LfljjVl j±!*j 


, (_j3jjdlU Z t-**n-v oLulJuI ^jLa-all ^UaJ “§ 
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(.5^ jjiaj (jlS j i ^ jLuiill jJ _jji ^^llLa ^IjAic (jl 

^lijj'^l IJA (_Pc. j»Jt (!)liLa ^10)^ 'n» .a 4£.lijjl (jiaii. LjJjl (j:J*-^ dijlj ^lijjl 

T J-a'^l (JLuojI ^ (^ l) 3^) i. ^ (jl 4^ J-a"^! (JLuojI 

^)iajlt ( Ixjia fZ—-g l3J^ 'C V‘^'' jljLall j (j-a3^^ 

. Jllll JSJJI 

'jjUa:( 

. ai.i* Jill 

ui 




J J-V i 




( 46 )l 1 ^I 


(cjaJj Jja) jil 

jl) (jLuj'^l JjiaJ (jl£ (j^ ( LaLaJ fz=-g Lj-lic.j ( ^li-lic. (jl£ _j] 

^ (jl (_5-3j) t.. UmI l.a (j-a_)j jljLaJ ^ 4f ^>-a'^l jA UmI Ixtil .^"illa t l-»-^ j 

^lj]| (JS^I tlyf^ LaSi ( j\ ■ ^"'11 


. «.Ua&l (jj'^ AjIajxuVI 

fz=-g ^ (_ji^^l ^*^1 (_4] 1^1 
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tlLJI J 
'jjUaIi 

* 

\ 




s 

J 

t yi ' 

S. 


7 

• • *• 





* » • *. 


( 47 )lJ^I 
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